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To  confirm  or  reject  a possible  association  of  Down's  syndrome  with 
maternal  medical  radiation  and  paternal  radar  exposure  observed  in  a previous 
investigation,  a replication  study  was  conducted  on  parents  of  300  "Current 
Series"  cases  and  controls  born  1962-1968  and  1945.  Validation  of  military 
service  and  radar  exposure  was  undertaken  for  all  Original  and  Current  Series 
fathers  (Involving  791  cases,  controls  and  new  matches)  and  chromosomes 
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Studied  on  159  radar  exposed  and  unexposed  fathers.  Current  Series 
findings  confirm  the  association  with  advancing  maternal  age  and  lack 
of  a similar  paternal  age  relationship,  but  show  no  case-control  differ- 
ences In  parental  (maternal  or  paternal)  medical  radiation  or  paternal 
radar  exposure.  Combining  the  series  still  yielded  no  significant  case- 
control  differences  In  fathers'  radar  exposure  or  military  service, 
although  slightly  more  (NSD)  Army  service  was  observed  In  case  fathers 
of  each  series.  A suggestion  of  more  chromosome  aberrancy  In  radar 
exposed  fathers  of  the  Combined  Series  must  be  Interpreted  with  caution. 
Whether  the  apparent  association  Indicates  greater  chromosome  fragility 
with  microwave  exposure  or  Is  otherwise  biologically  meaningful,  or  is 
Just  spurious,  requires  more  definitive,  longitudinal  studies. 


SUMMARY 


PARENTAL  RADIATION  AND  DOWN'S  SYNIIM(M» 

WITH  PARTICULAR  ATTENTION  TO  lONI-'INC  RADlATIttN  A^  RADAR 


To  confirm  or  reject  previous  findings  suggesting  an  association 
of  Down's  syndrome  not  only  with  maternal  exposure-  to  fluoroscopic  and 
therapeutic  radiation  but  also  possibly  with  paternal  radar  exposure, 
replication  of  the  original  study  was  undertaken  on  parents  of  300 
"Current  Series"  cases  and  controls  born  in  1962-1968  and  1945,  In 
addition,  validation  of  military  service  and  radar  exposure  through 
search  of  government  records  on  all  Original  and  Current  Series  fathers 
(involving  791  cases,  controls,  and  new  matches)  and  a chromosome 
study  of  162  radar  exposed  and  unexposed  fathers  (159  with  successful 
cultures)  of  both  series  were  carried  out.  The  findings  in  the  Current 
Series  (a)  confirmed  the  maternal  age  effect  and  lack  of  an  advanced 
paternal  age  effect  in  Down's  s)nidrome,  but,  (b)  in  contrast  to  the 
Original  Series,  showed  no  difference  in  medical  radiation  between 
case  and  control  mothers  (or  fathers),  fewer  pregnancies  and  some- 
what more  fetal  loss  prior  to  the  index  child  in  mothers  of  Current 
Series  cases,  and  no  difference  in  radar  exposure  between  case  and 
control  fathers.  Even  when  the  two  series  were  combined,  no  signifi- 
cant differences  were  observed  between  case  and  control  fathers  in 
radar  exposure  or  in  military  service,  although  there  appeared  to  be 
slightly  more  Army  service  in  case  fathers  in  each  series  and  a 
borderline  (p<.053)  excess  in  Marine  service  of  Original  Series  case 
fathers,  with  the  opposite  trend  in  the  Current  Series.  A suggestion  of 
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mor«  chromosomo  aberrancy  in  radar  exposed  than  nnexposed  fathers  of 
the  Cixnbtned  Series  is  provocative  biit  pvieeling.  In  view  of  the  typo 
of  deviants  In  excess  (gaps  and  single  chromatid  breaks  - nsvially 
considered  to  be  due  to  technical  errorl . Despite  the  possibility 
that  the  cytogenetic  findings  may  Indicate  greater  chromosome  fragility 
associated  with  microwave  exposure  or  be  otheiwlse  biologically  meaningful , 
they  may  be  spnrlons.  Caution  Is  needed  In  their  Interpretation  and 
more  definitive,  preferably,  longitudinal  studies  are  required  for 
confirmation  or  rejection. 
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FOREWORD 


This  report  deals  primarily,  but  not  exclusively,  with  the  parents 
of  a series  of  white  Down's  syndrome  cases  and  matched  controls  born 
October  1,  1962  through  December  31,  1968  and  anytimi»  during  1945, 
referred  to  as  the  "Current  Series".  The  Current  Series  constitutes 
the  study  population  ascertained  for  a "replication"  study  of  the 
initial  investigation  based  on  the  "Original  Series".  The  Original 
Series  comprised  white  cases  and  controls  born  January  1946  - September 
30,  1962;  its  basic  findings  were  reported  in  publications  #2  - #5 
attached  as  Appendix  B for  reference  purposes.  Supplementary,  updated, 
and/or  unreported  data  on  the  Original  Series  are  presented  for  certain 
pertinent  aspects,  including  all  aspects  specified  in  the  itemized 
scope  of  work  of  t!ie  Contractor's  Proposals.  Where  feasible,  comparisons 
are  made  with  the  Original  Series  and  tabulations  on  the  Combined  Series 
(comprising  the  Original  Series  + the  Current  Series)  given.  All  data 
pertaining  to  the  validation  of  military  service  and  radar  exposure, 
and  to  the  chromosome  studies  are  presented  for  fathers  of  the 
Original  Series  as  well  as  fathers  of  the  Current  Series. 
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INTRODUCTION 


TlUs  final  report  on  Contract  No.  DADA  17-69-9154  and  Contract 
Nos.  DAMP  1 7'-75-M-5883  and  DAMP  1 7-76-M-5883  (aji\cndcd  anti  extended  to 
complete  the  provisions  of  the  aforementioned  Contract  PAPA  17-69-91541  is 
presented  in  accordance  with  the  Contractor's  agreemeni.  "to  conduct 
studies  on  research  project  entitled  PARENTAl.  RADIATION  AND  DOWN'S 
SYNDROME  (NONCOl.l SM)  . WITH  TARTICHUR  ATTENTION  TO  lONlZlNC  RADIATION 
AND  RADAR".  For  the  purpose  of  clarity,  the  expanded  Specific  Aims 
and  Scope  of  Work,  as  designated  by  the  contractor  in  the  extension 
proposal  of  1 June  1 970^ pn-vlde  the  outline  of  presentation  of  the 
study  findings.  For  reference  purpose^,  therefore,  the  following  are 
• attached  in  Appendix  A: 

a.  Proposal  for  initiation  of  current  study  submitted 
Spring  1969^ 

b.  Proposal  for  extension  of  current  study  submitted  Winter 
1969-1970’' 

The  stated  purposes  of  "a"  and  "b"  are: 

a.  As  stated  in  the  Spring  1969  proposal:  "To  determine 

whether  parents  of  Mongols  differ  from  parents  of  matched 
normal  controls  with  regard  to  exposure  to  radar  and/or 
ionizing  radiiitlon  and  to  examine  the  chriimosomes  of  those 
radar  exposed  parents  and  corresponding  parents  from 
matched  series  for  any  discernible  differences  and/or 
abnormalities" . 

NOTE:  Support  of  the  initial  study  (i.e..  Original  Series')  of  "Parental 

Radiation  and  Down's  Syndrome",  as  well  as  partial  support  for  the 
"current  study"and  its  ramifications,  was  received  from  the  Bureau  of 
Radiological  Health. 


l> . As  8tat«»il  in  tlu*  extension  proposal  Winter  "To 

extend  the  investigation  ot  (11  radar  and/or  ionising 
radiation  exposure  ol  parents  of  Mongols  and  parents  ol 
their  Matched  Controls,  and  (21  possible  chromosomal 
aberrations  among  fathers  radar  exposed  and  unexposed 
by  including  a series  approximately  “ill'/,  larger  than 
originally  estimated". 

The  Spoelllc  Aims,  in  luhlitlon  to  being  attaehed  In  Appendix  A, 
are  given  at  the  beginning  ot  the  respective  sections  pertaining  to 
them. 

Cirganl  /at  ion  plan: 

This  report  Is  organized  as  follows; 

(11  llackgrovind  and  purpose  of  this  Investigation. 

(Ill  Methodlstudy  des I gn^ procedure,  study  subjects,  sample 

ascertainment  and  desertption,  detinltlons,  criteria,  and 
c lass!  I Icat  io>\s  , etc. 

(till  Results 

a.  Observations  pertinent  to  the  Spec i lie  Aims  under 
proposeil  Scope  ol  Work. 

b.  Kulfillment  ol  Itemized  tasks  under  Seop«'  ol  Work. 

(Ivl  IKscussion,  Conclnslons,  and  iWerview 

(v1  Narrative;  Summary  ol  (i1  through  ilvl  above  with  emphasis 
on  most  pertinent  tlndlngs,  including  a discussion  aiul 


lA 


W 


overview. 


(1.)  RACKGROUNl)  AND  I’lIRPOSK 


Tho  backgroiintl  ami  purpose  of  this  investigation  are  sumnarlzed 

G) 

in  a series  of  publications  # 1-5.^^  A review  of  the  epidemiological 

studies  of  Down's  syndrome  (mongolism),  prior  to  and  in  the  first 

(6) 

years  after  its  chromosomal  basis  was  established,  indicated  some  of 
the  unanswered  questions  on  Down's  syndrome,  providing  the  basis  for 
this  investigation  ITie  original  investigation  was  designed  to 

study,  by  Interview  technique  and  medical  record  analysis,  a popula- 
tion of  parents  of  white  children  with  Down's  syndrome  and  parents  of  con- 
trol children  for  exposure  to  certain  environmental  agents  or  health 
hazards  postulated  to  cause  nondisjunction  or  to  increase  the  risk  of 
the  chromosomal  abnormality  of  Down's  in  their  offspring  through  some 
mechanism.  Included  among  its  fundamental  objectives  was  the  examina- 
tion of  the  possible  role  of  the  father,  as  well  as  the  mother,  in 
the  pathogenesis  of  the  defect.  For  this  purpose,  the  Original  Series  of 
of  216  wliite  Down's  syndrome  cases  (born  January  1,  1946  through  September 

30,  1962)  and  216  controls  matched  on  maternal  age,  hospital  of  birth,  race, 

(2-5) 

sex,  and  date  of  birth  was  ascertained. 

(2)  (3) 

Tl>e  findings  on  the  role  of  parental  age  , radiation  exposure  , 

(4) 

reproductive  and  marital  history  , as  well  as  other  pertinent  epi- 
demiological aspects  of  that  Original  Series  were  summarized  in  the 
Annals  of  the  New  York  Academy  of  Sciences,  September  24,  1970  as 

follows; 


a.  The  well  documented  association  of  Down's  syndrome  with  mater- 
nal  age  was  confirmed,  but  no  association  with  paternal  age  was  observed. 


Publications  #1  through  #5  are  attached  as  Appendix  B. 
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b.  The  mothers  of  Down's  children  had  received  significantly 
more  radiation,  particularly  fluoroscopy  and  therapeutic  radiation, 
than  the  mothers  of  control  children.  In  fact,  for  combined  radiation 
from  one  or  more  diagnostic,  fluoroscopic  and  therapeutic  sources, 

the  frequency  of  mothers  of  Down's  children  who  had  undergone  such 
procedures  was  seven  times  that  of  control  mothers.  Of  additional 
interest  was  the  observation  that  significantly  more  mothers  of  cases 
were  employed  in  professional  or  technical  occupations  in  the  medical 
field.  The  consistency  of  these  relationships  was  noteworthy. 

c.  Another  association  of  interest  was  the  higher  frequency 

of  multiple  marriages  junong  the  mothers  of  the  Down's  children  as  com- 
pared to  the  controls.  Although  broken  marriages  might  be  expected 
following  the  birth  of  a defective  child,  they  were  not  as  easily 
explained  wtien  they  occur  before  the  birth.  It  seemed  possible, 
however,  that  in  a study  in  which  a great  many  factors  are  examined, 
one  or  more  chance  associations  would  appear.  Whether  this  multiple 
marriage  association  was  a chance  finding  remained  to  be  determined. 

d.  With  respect  to  pregnancy  wastage,  fertility,  and  menstrual 
irregularities,  the  mothers  of  the  Down's  children  did  not  differ  from 
the  control  mothers  nor  did  they  show  a higher  frequency  of  other  off- 
spring with  congenital  abnormalities. 

e.  The  radiation  history  of  the  fathers  provided  a contrast  to 
that  of  the  mothers.  There  was  a marked  similarity  in  the  history  of 
radiation  exposure  reported  by  the  fathers  of  Down's  and  of  controls, 
except  for  the  suggested  relationship  between  Down's  syndrome  and 
paternal  radar  exposure.  Although  it  seemed  possible  that  this  finding 
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was  a chance  observation  due  to  the  small  numbers  available,  this 
suggested  relationship  appeared  worthy  of  additional  investigation. 


The  voluminous  literature  concerning  postulated  etiological 
factors  in  Down's  syndrome  that  had  preceded  the  recognition  of  the 
chromosomal  basis  of  Down's  Syndrome and  continued  to  accumu- 
late after  1959  did  not  clarify  the  agents  or  mechanisms  responsible 
for  the  chromosomal  defect  nor  provide  an  insight  into  the  observa- 
tions "a"  through  "e"  above.  (See  Table  1.) 

In  view  of  the  need  to  confirm  the  positive  findings,  the 
original  Hopkins  study  was  extended,  beginning  in  June  1969,  to  in- 

( elude  additional  Down's  syndrome  children  born  from  October  1962 

■ 

through  December  1968.  The  latter  extension  is  essentially  an  inde- 
pendent replication  of  the  previous  study.  The  current  Study  also  added  two 
other  features:  (1)  a validation  of  military  service  and  radar  exposure,  and 

I (jD 

(2)  a chromosome  study  of  radar-exposed  fathers  and  unexposed  fathers'^ 
of  matched  controls.  Finally,  in  June  1970  the  study  was  extended 
I further  to  include  a larger  sample,  when  it  became  apparent  that  more 

cases  could  be  ascertained  than  originally  estimated. 

I Because  of  the  increased  number  of  sources  of  ascertainment,  as 

I well  as  more  sensitive  diagnostic  procedures  and  case  finding  tech- 

niques among  physicians,  private  and  public  agencies,  and  possibly 
also  improved  searching  techniques,  it  was  possible,  to  obtain  a 
larger  study  series  than  previously  anticipated:  150  white  cases  and  150 
controls  rather  than  the  95  of  each  previously  estimated  were  ascertained. 


Appendix  C-l  contains  Prlrerla  for  classification  of  Down's  syndrome  in 
^ the  Current  Series. 

Appendix  C-2  contains  Radar  exposure  categories  of  fathers, 
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yielding  128  matched  pairs  of  confirmed  cases  and  matched  controls.  The 
remaining  22  cases  included  additional  or  unmatched  cases  and  a few 
questionable  cases.  The  additional  22  controls  were  unmatched  controls. 

On  the  tabulations  presented  for  comparison  of  Down's  and  controls  and/ 
or  parents  of  cases  and  controls,  it  is  specified,  as  to  whether  "matched 
pairs”  are  being  considered  or  pooled  cases  and  pooled  controls  - the 
"pooled"lnc luding  the  additional,  questionable,  and  unmatched. 

With  regard  to  the  chromosome  studies,  in  the  previously  pub- 

(3> 

lished  series,  18  fathers  of  children  with  Down's  syndrome  and 
seven  fathers  of  control  children  reported  definite  radar  exposure  with 
several  additional  fathers  having  probable  or  questionable  exposure. 

Tlius  25  to  33  fathers  and  the  25  to  33  fathers  of  children  matched  to 
those  cases  and  controls  from  the  Original  Series  were  to  be  located 
and  blood  drawn  for  chromosome  analysis. 

It  was  then  estimated  that  the  Current  Series  (based  on  study  of 
95  cases  born  October  1,  1962  to  January  1,  1969  and  1945  in  the  Baltimore  area) 
would  yield  at  least  11  additional  exposed  fathers  and  11  matched  unexposed 
fatliers,  making  a total  of  72-80  fathers  on  whom  chromosome  studies 
would  be  carried  out.  Tliat  estimate  assumed  that  the  rate  of  Down's 
syndrome,  ascertainment,  and  radar  exposure  would  be  similar  for  the  years 
to  be  studied  to  those  years  already  studied.  With  the  subsequent 
recognition  that  a larger  Current  Series  would  be  available  and  includ- 
ing those  who  had  worked  "near"  radar,  the  estimate  was  revised  to  60 
to  70  fathers  "radar  exposed".  Thus,  with  the  matched  unexposed 
fathers,  the  estimated  number  of  persons  on  whom  chromosome  studies 
would  be  performed  increased  to  approximately  120  to  140.  With  deaths 
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and  refusals,  a conservative  estimate  of  110  to  120  was  considered 


plausible.  (See  Appendix  A),  In  the  final  sample  there  were  162  fathers 
with  chromosome  studies;  55  matched  pairs  of  55  exposed  and  55  matched 
unexposed  fathers,  7 matched  pairs  of  7 near  exposed  and  7 matched  unexposcd 

fathers,  and  38  unmatched  fathers  (26  exposed  and  12  unexposed).  The  j 

derivation  of  these  subjects  for  the  Chromosome  Study  is  discussed  further  j 

below  under  Methods  and  Results.  NOTE:  No  attempt  was  made  to  determine 
directly  whether  radar  caused  diimage  to  the  germ  cells;  Instead  the  objec- 
tive of  this  study  was  to  examine  possible  microwave  associated  effects  on 
somatic  cell  chromosomes  (of  the  peripheral  blood)  as  an  indirect  indicator 
of  likelihood  of  deleterious  effects  on  chromosomes  of  the  germ  cells  as 
well  as  persisting  effects  on  somatic  chromosomes. 

In  this  report,  the  data  derived  from  the  original  study  of  Down's 
children  are  referred  to  as  the  "Original  Series"  (born  January  1,  1946  - 
September  30,  1962),  and  those  from  the  replication  study  (born  October  1, 

1962  - December  31,  1968),  referred  to  as  the  "Current  Series".  It  should 

1 

be  noted  however,  that  a few  Down's  cases  who  had  been  born  in  the  "Original  j 

i 

Series"  time  period  were  ascertained  with  the  Current  Series;  and,  as  they  j 

1 

had  not  been  in  the  previous  series,  they  were  Included  for  study  in  the  | 

Current  Series  along  with  their  matched  controls.  Also,  the  Current  Series  ! 

ascertained  as  many  Down's  syndrome  cases  born  In  1945  as  aval lablc^along  • 

i 

with  matched  controls  for  them,  in  order  to  complete,  insofar  as  possible,  | 

i 

the  study  series  encompassing  the  years  1945  through  1968.  j 

As  noted  above,  publications  pertaining  to  the  Original  Series  and  | 

i 

its  background  (references  1 through  5)  are  attached  in  Appendix  B,  both  to  j 

provide  the  background  of  the  current  investigation  and  for  reference 

purposes  (since  many  of  the  same  tabulations  have  been  carried  out  for  j 
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the  "Current  Series").  Consequently,  the  original  findings  will  not  be 
reviewed  in  detail  here  nor  will  the  tables  be  presented  again,  except 
where  there  are  supplementary,  updated,  or  different  types  of  tabulations. 


(ii)  METHOD 


1 


The  design  of  the  overall  investigation  is  outlined  below,  and 
the  specific  methods  of  procedure  considered. 

STUDY  DESIGN: 

As  shown  in  Figure  1.  the  overall  plan  of  the  investigation  con- 
sists of  two  main  aspects: 

I.  Role  of  parental  factors  in  Down's  syndrome:  in  particular^ 

I radiation  exposure,  but  also  other  factors 

j' 

1 1 . Chromosome  studies  of  radar  exposed  and  unexposed  fathers 

'iTie  first  aspect  of  this  investigation  (1,  Role  of  parental 

factors)  encompasses  both  the  original  study,  which  Involved  the 

Original  Series  Down's  cases  and  controls  born  through  September  1902, 

(2-5) 

the  findings  of  which  have  been  reported  and  the  subsequent  or 

"current"  study,  wliich  included  the  following; 

(a)  ascertainment  of  the  Current  Series  born  October  1962  through 
December  1968,  and  collection  of  information  on  parents,  index  children, 
etc.,  on  this  series  similar  to  that  obtained  for  the  Original  Series,  in  order 
to  enlarge  the  sample  and  to  replicate  the  original  study;  (b)  collec- 
tion of  supplementary  information  concerning  possible  exposure  to 
radar  and/or  other  sources  ot  microwave  in  the  Current  Series,  as  well 
as  follow  up  on  the  fathers  in  the  Original  Series  for  similar  informa- 
tion; and  (c)  validation  of  military  service  and  radar  exposure  Insofar 
as  possible  by  arrangement  with  the  National  Academy  of  Sciences  (NAS) 
to  carry  out  an  independent  "blind" 

"Blind"  - The  list  submitted  to  NAS  did  not  allow  identification  of 
case-control  status  of  subjects i therefore,  searchers  did  not  have 
this  information  when  searching  for  records  or  recording  observations. 
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search  on  all  fathers  in  the  study  (both  OriRinal  Series  and  Current 


Series)  to  obtain  information  on  their  military  service,  if  any,  (includ- 
ing length  of  time  and  date  of  service,  and  military  occupational  classi- 
fications) to  determine  likelihood  of  radar  exposure. 

The  second  aspect  (II.  The  Chromosome  Studies)  involved  examin- 
ing the  chromosomes  of  radar  exposed  and  unexposcd  fathers  of  Down's 
cases,  of  controls,  and  of  "new  matches"  from  both  the  Original  and 
Current  Series. 

The  initiation  point  of  study  in  the  Original  Series  was  ascer- 
tainment of  the  index  case  with  Down's  syndrome.  To  each  Down's  index 
case,  a control  child  of  the  same  sex  and  race  born  in  the  same  hos- 
pital, to  a mother  of  the  same  age,  at  the  nearest  date,  was  matched 
by  birth  certificate.  Thus,  the  ascertained  white  Down's  syndrome 
cases  plus  the  controls  matched  to  them  comprised  the  index  children. 

The  parents  of  the  index  cases  and  controls  thus  became  part  of  the 
study  sample  and,  in  fact,  the  main  study  individuals.  A similar  pro- 
cedure was  used  for  the  Current  Series. 

As  shown  in  Figure  1 . the  Original  Series  involved  the  parents 
of  Down's  cases  born  January  1946  through  September  1962  and  the  parents 
of  their  matched  controls;  as  reported,  the  parents  of  216  Down's 
cases  and  of  216  matched  controli?  ^^he  Current  Series  involved  Down's 
w-ases  born  October  1962  through  December  31,  1968,  plus  as  many  Down's 
cases  born  in  1945  as  could  be  ascertained  and  whose  parents  were 
available  for  Interview,  as  well  as  a few  children  born  in  the  time 
period  of  the  Original  Series,  but  not  ascertained  until  the  Current 
Series  was  obtained.  Along  with  these  Current  Series  cases  were  the 
controls  matched  to  them. 
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while  certain  basic  information  concerning  the  index  cases  of 
Down's  and  their  controls  has  been  collected,  the  main  orientation  of 
data  collection  and  analysis  pertains  to  parental  factors.  For 
Aspect  1,  the  data  are  primarily  from  the  interview  of  case  and  control 
parents  and  the  NAS  search  of  military  records,  with  some  data  derired  from 
medical  records  and  other  sources. 

In  the  second,  aspect  of  the  investigation  (II.  The  Chromosome 
Studies)  as  shown  in  Figure  1.  comparisons  were  made  between  chromosomes 
of  radar  exposed  and  unexposed  fathers  irrespective  of  v^;hether  they  were 
fathers  of  cases,  controls,  or  new  matches.  The  "unexposed"  comprised 
fathers  for  whom,  from  interview  and  NAS  search,  there  was  no  evidence 
of  any  exposure  to  radar  other  than  whatever  exposure  is  found  in  the 
general  population  . The  basic  plan  was  to  study  (1)  radar  exposed 
fathers  of  Down's  cases  vs.  fathers  of  their  matched  controls,  pro- 
vided the  latter  were  unexposed;  and  (2)  radar  exposed  fathers  of 
matched  controls  versus  fathers  of  the  Down's  cases  to  which  they 
were  matched,  provided  the  latter  were  unexposed.  However,  additional 
fathers, designated  "new  matches",  had  to  be  obtained  to  complete  the 
study  design  where  "an  unexposed  father"  was  not  available  from  the 
"matched  pair"  yielding  the  exposed  father  . "New  matches"  were  also 
required  where  both  fathers  in  a matched  pair  were  "exposed"  or  where 
the  father  matched  to  the  exposed  father  was  deceased,  living  out  of 
the  area,  not  located,  or  unable,  or  unwilling  to  participate.  As  a 
result,  five  different  derivation  combinations  of  "exposed"  and 
"unexposed"  fathers  were  used  for  "matched  pair"  comparisons  in  the  Chromosome 
Studies,  as  shown  in  Figure  1.  The  distribution,  total  numbers, 
method  of  ascertainment  and  other  factors  concerning  those  combinations 
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are  discussed  further  in  the  "Metliod  of  Procedure",  "Results",  and  other 
following  sections  where  pertinent. 

METHOO  OK  PRtX  EDURK: 


The  specific  method  of  procedure  for  case  selection,  control 
matching, interview, and  record  data  collection  followed  in  the  original 
study  .s  described  in  the  publications  if  l!-‘)  found  in  Appendix  B. 

Kor  the  Current  Series,  the  procedure  for  subject  ascertiiinment  and 
interview  was  essentially  similar  to  that  followed  in  the  original 
study,  with  minor  adjustments  related  to  differences  in  facilities, 
time  period,  etc. 


STUDY  SUBJECTS: 

Index  chi Idren: 

Ascertainment  of  index  cases  of  Down's  syndrome  for  the  Current 
Series  involved  mu  It  ip  le  sources , as  for  the  Original  Series  The 

sources  of  ascertainment  included  the  following; 


Health  Department  - Baltimore  City 
Handicapped  Children 
Department  of  Biostatistics 
(Birth  Certificates') 

Baltimore  Association  for  Retarded  Ch i Idren 


Schools  and  Training  Centers 
Battle  Monument 
Chimes  Activity 
Claremont 
Ridge 

Rolling  Road 
Rosewood 
St.  Francis 
Searchlight 


Hospitals 

Baltimore  City 
Bon  Secours 
Church  Home 
Franklin  Square 
Creater  Baltimore  Medical 
Center 

Johns  Hopkins 
l.utheran 

Mary  I and  Cener a 1 
Mercy 
St . Agnes 
St.  Joseph's 
S inai 

South  Baltimore  ileneral 
Union  Memorial 
University  of  Maryland 
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Children  with  a diagnosis  of  Down's  syndrome  meeting  the 
criteria  described  below  and  in  Appendix  C and  born  in  the  greater 
Baltimore  area  between  1/1/45  and  12/31/45  and  also  those  born  10/1/62 
through  12/31/68  were  included,  plus  a few  born  in  the  Original 
Series  time  period  but  not  ascertained  therein. 

Index  Case  Documentation; 

Objective  criteria  were  established  for  verification  of  a diag- 
nosis of  each  presumptive  Down's  case  as  a case  eligible  for  inclusion 
in  the  study  series.  The  criteria  for  the  Original  Series  have  been 
described  (p.  633-4,  J.  Pediatrics  1965  '^).  For  the  Current  Series, 

only  a few  minor  modifications  were  necessary.  The  diagnostic  criteria 
for  case  eligibility  in  the  Current  Series  were  as  follows;  5 or  more 
stigmata  indicated  on  hospital  or  physician's  records  from  among  the 
following;  chromosomal  evidence,  brachycephaly,  slanted  palpebral 
fissures,  epicanthic  folds,  palmar  simian  lines,  malformed  ears, 
broad  and/or  short  neck,  malformed  fingers  and/or  hands,  nasal  abnor- 
mality, hypertelorism,  abnormal  palate,  furrotved  tongue,  abnormal 
handprints  and/or  footprints,  Brushfield  spots,  abnormal  hip  angles, 

broad  and/or  short  trunk,  congenital  heart  condition.  (See  Appendix  C-lj 

Exceptions  to  the  requisite  of  5 stigmata  for  elgibility 

as  cases  included;  1)  A deceased  child  with  3 stigmata  documented 
plus  mention  of  mongolism  (or  Down's,  etc.)  on  death  certificate,  or 
on  hospital  record,  or  with  physician's  confirmation;  2)  A living 
child  with  fewer  than  5 stigmata  listed  on  records  but  with  chromosome 
studies  done  and  Trisomy  21  confirmed. 
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The  physical  characteristics  (stitpnata)  in  Down's  syndrome 
cases  ot  the  I'nrrent  Series  are  tabulateil  lor  both  matched  cases  and 
pooleil  cases  (Table  B-li.  i'or  cases  from  the  matched  piiirs,  documented 
physical  tiiulin^s  include:  brachycephal y ( -47', 11,  slanteil  palpebral 
tissures  ( 73'''^>,  eplcanthic  folds  i ■ITL')  , simian  lines  ( 67/.),  inal- 
tormevl  ears  ( •SS7„')  , broad  and/or  short  neck  ( A0"O  , hand  malformations 
( , hypertelorism  ( 1/3'/,),  abnonual  palate  ( ■447„)  , furrowed  tonune 

i bl/.f,  lirnshtield  spots  ( -3*)/.),  hip  abnoniial  i t i es  ( 11"'.),  broatl- 
short  trunk  ( 13'/.),  and  conj;enital  heart  condition  ( 46'/,).  f'or  total 
cases  in  the  pooled  ^?ronp  ol  130,  128  or  83.3'/„  ol  which  are  matcheil 
pairs,  the  distribution  of  stigmata  is  very  similar.  As  expected,  the 
"quest ionables"  had  fewer  stigmata,  while  the  "additional"  mongols  do 
not  differ  markedly  Irom  matched  pair  cases,  as  their  status  is  dne, 
in  most  Instances,  to  failure  to  obtain  either  parental  data  or  an 
appropriate  matched  control,  rather  than  iailnre  to  meet  criteria. 

Table  B-2K  gives  the  distribution  of  number  of  stigmata  for  cases 
in  matched  pairs.  Kor  those  I I with  fewer  than  S stigmata,  tlu'  sub- 
ject s are  listed:  7 were  deceased  and  had  the  requisite  3+  (3  had  3 
and  2 had  4 stlgniata  each);  2 of  the  living  were  chromosoinal  ly  documented 

as  Dowti's  syndrimie,  while  the  2 others  each  had  4 stigmata  plus  a physician's 
confirmation  in  one  case,  and  two  hospital  records  and  a birth  certiticate 
noting  "mongol"  in  the  i>ther. 

Selection  ot  control  sublects  As  in  the  iVlginal  Series,  birth 
certlllcates  of  the  children  with  iKwn's  sviulrome  in  the  iHirrent  Series 
were  located,  and  their  place  i»l  birth  and  other  vital  inton\iation 
verified.  l\>ntrol  subjects  were  selecte‘l  bv  rlglillv  matching,  in  a 
systematic  manner,  each  case  with  another  certificate  for  (1)  hospital 
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of  birth  (or  at  horao')  , (2')  sex  and  race  of  child,  (31  maternal  age  iit 
time  of  birth  of  child  and  (I*)  date  of  birth. 

In  each  case  the  "best  control"  was  a child  whose  birth  date 
was  closest  to  that  of  the  Down's  child  of  the  same  sex,  born  in  the 
same  hospital  to  a mother  of  the  same  age.  If  the  "best  control"  on 
the  basis  of  established  criteria  either  had  left  the  state  or  could 
not  be  located,  the  next  best  control  was  selected  (e.g. , with  slightly 
greater  difference  in  birth  dates),  the  other  criteria  remaining  the 
same. 


The  hospital  records  as  well  as  birth  certificates  of  all  con- 
trol children  were  examined  to  be  certain  that  the  "nonnal"  control 
grovip  contains  no  cases  of  Down's  syndrome. 

The  final  composition  of  the  stndy  groups  of  index  children 
(cases  and  controls)  for  the  Current  Series  and  Original  Series,  as  well 
as  the  New  Matches  is  given  in  Tab  1 e 1) - 3 . The  Current  Series  comprised 
128  matched  pairs  (128  Dovai's  cases  and  128  controls  matched  to  them) 
plvis  13  additional  cases  a»id  9 nuest i onab le  cases  as  well  as  22  addi- 
tional controls  thus  yielding  ISO  "pooled  cases"  and  ISO  "pooled 
controls".  Parental  factors  \^rere  studied  similarly  but  tabulated  separately 
comparisons  Involving  the  matched  pairs  and  for  those  of  the  pooled  groups, 
respectively. 

In  the  Original  Series,  the  reported  comparisons  of  parental  factors 
in  Down's  cases  and  controls  were  limited  to  the  216  matched  pairs  only 
(216  Down's  cases  and  216  matched  controls).  The  fathers  of  an  .addi- 
tional 6 cases  and  5 controls  have  been  Included  in  the  chromosome 
study,  although  they  were  not  Included  in  the  original  study.  "New 


for 
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Match"  children  were  ascertained  for  completing  comparison  sets  of 
fathers  in  the  chromosome  study  only.  In  total  there  were  37  new 
matches  for  the  Original  Series  and  11  for  the  Current  Series,  Because 
some  of  the  fathers  of  these  "New  Matches"  were  later  fovind  to  have 
been  radar  exposed  and/or  because  of  later  unavailability  of  their  nvatch  or 
ineligibility,  of  either,  etc,,  some  of  the  "New  Match"  lathers  vfore  also 
ultimately  "unmatched". 

Parents  of  cases  and  controls ; 

Whereas  the  index  children  provide  the  initiation  point  for  study, 
parents  are  the  principal  subjects  being  studied. 

The  parental  age  distributions  for  Down's  cases  and  controls 

(2'» 

of  the  Original  Series  have  been  described  , The  Current  Series 
shows  patterns  similar  to  the  Original,  The  results  of  matching  on 
maternal  age,  are  Indicated  by  the  almost  identical  maternal  age  dis- 
tributions for  cases  and  controls.  Matched  pairs  are  shown  in  Table 
A-1%  pooled,  including  the  unmatched  cases  and  controls  respectively, 
are  shown  in  Table  A-2;  and  comparison  with  total  Baltimore  i;ity  live 
births  and  state  of  Maryland  live,  births  for  the  specified  time  period, 
in  Table  A- 3,  In  the  matched  pairs,  4,77.  of  case,  and  the  same  per- 
centage of  control  mothers  were  under  20,  with  18.07.  of  case  mothers 
and  18.87.  of  control  mothers  respectively  over  40  years  of  age.  Wlien 
compared  with  total  Baltimore  City  live  births  and  Maryland  state  live 
births,  the  age  distribution  of  mothers  of  cases  (jind  consequently  that 
of  mothers  of  controls  matched  on  maternal  age)  appears  markedly  shifted 
to  the  older  age  groups,  as  shown  in  Figure  A-1,  thus  Indicating  the 
clear  maternal  age  association  observed  in  other  studies  of  Dovai's  syndrome. 
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Ooubt loss , as  a conseqvionce  of  both  the  correlation  of  husbands' 
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a^os  with  that  of  their  wives  and  of  the  a^e-ntatching  of  case  and  con- 
trol mothers,  the  age  distributions  ot  case  and  control  fathers  were 
also  considerably  shiited  to  the  older  groups  as  compared  to  the  fathers  of 
all  wliite  children  bi>rn  during  the  same  time  period  in  Baltimore  City. 

It  is  of  interest,  however,  that  given  case  and  control  fathers 
whose  spouses  were  age-matched  and  wlio  were  consequently  also  similar 
in  age  distribution,  wliatever  age  difference,  if  any,  appears  between 
them  tends  toward  a negative  association  with  Down's.  That  is,  Current 
Series,  like  Original  Series,  case  fathers  tend  to  be  younger  than 
control  fathers;  in  fact  the  difference  attains  statistical  signifi- 
cance (p-  ,051  in  the  Current  Series.  Some\duit  fewer  control  fathers 
than  case  fathers  were  under  24  and  more  were  over  40,  inc  hiding  some 
over  50.  (30.5'Z  of  case  fathers  as  compared  to  36.7'/!.  of  control 

fathers  were  over  40.)  Thus,  the  absence  of  an  association  of 

(21 

advanced  paternal  age  with  Down's,  noted  in  the  Original  Series  , 
was  confirmed. 

In  addition  to  age,  various  sociobiologlcal  characteristics  of 
parents  were  examined.  These  are  discussed  below  with  Specific  Aim  3, 
constituting  part  of  the  "Results"  section. 

Data  collected: 

While  some  of  the  Information  collected  pertained  to  the  index 
children,  the  major  portion  of  the  data  involved  the  parents  of  the 
index  cases  and  controls. 

Records:  Birth  records  (certificate  and  hospltall  and  other 
available  hospital  and  medical  records  on  parents  and  children  were 
examined  for  pertinent  information,  as  well  as  paternal  military 
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service  records  discussed  below. 
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Interviews:  The  interview  data  collected  on  the  Current  Series 
were  of  the  same  type  as  on  the  Original  Series  .except  that  some 
supplementary  detailed  questions  concerning  experience  with  radar, 
microwave,  and  military  service  were  added.  In  addition,  the  fathers 
from  the  Original  Series  were  recontacted  and  given  a short  form  follow 
up  interview  with  regard  to  those  supplementary  data.  (See  Appendix 
D.)  In  some  cases  where  fathers  were  not  available,  their  spouses  pro- 
vided the  necessary  Information.  As  in  the  Original  Series,  Current 
Series  mothers  and  fathers  were  individually  interviewed  to  obtain 
the  required  information.  Where  mothers  or  fathers  were  deceased,  in- 
formation was  obtained  insofar  as  possible  from  the  surviving  parent. 

Where  both  parents  were  deceased,  the  subject  was  excluded  from  the 
matched  series^ although  included  in  the  pooled  group  j if  sufficient 
data  were  available. 

Interview  data  in  the  Current  Series  interview  include: 

1.  Complete  names  and  addresses  of  each  parent,  index  child 
and  slbs. 

2.  Child's  sex,  place  of  birth,  physician,  and  history  of  hos- 
pitalizations and  medical  conditions. 

3.  Mothers'  education;  religion;  and  histories  of  residence, 
occupation, and  marriage;  medical  data  Including:  histories  of  Illnesses; 
menstruation,  pregnancy,  hospitalization  and  details  of  radiation 
exposure  insofar  as  possible  - diagnostic  X-ray,  radiation  therapy, 
fluoroscopy,  and  injection  or  ingestion  of  radioactive  substances. 

4.  Fathers'  education;  religion;  residence;  occupational  history  with 

detailed  information  about  military  service;  marital  history;  number  of  off- 
spring; Illnesses;  medical  and  hospitalization  histories;  etc. 
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5.  Other  pertinent  epidemiologic,  demographic,  and  socioblologlcal 

data. 

The  mother  and  father  were  usually  interviewed  Independently  at 
home.  The  approach  to  both  the  families  of  the  mongols  and  controls  was 
uniform.  The  interviewers  were  not  informed  which  were  cases  and  controls 
and  could  not  make  the  distinction  between  families  until  the 
actual  interview  was  conducted,  if  then.  Questions  about  radar  and  radia- 
tion exposure,  medical  conditions,  and  occupation  were  phrased  without 
reference  to  the  birth  of  the  index  child.  Insofar  as  possible,  dates 
of  exposure  were  obtained,  however,  so  that  the  time-relationships  rela- 
tive to  the  index  child  could  be  examined  in  the  analysis. 

Validation  of  findings  derived  from  Interview  data  was  attempted 
by  independent  and  simultaneous  examination  of  several  characteristics 
of  the  parents  of  mongols  and  of  controls  as  well  as  through  independent 
search  of  medical,  military  and  other  records. 

Validation  of  Military  Service  and  Radar-Microwave  Exposure:  Validation 
procedures  for  military  service/radar  exposure  include  the  independent 
ascertainment  of  data  through  search  of  military  files  on  all  fathers, 
irrespective  of  whether  they  reported  such  service/exposure  or  not.  In 
addition  to  responses  to  questions  regarding  radar  and  microwave  ex- 
posure Incorporated  in  the  Current  Series  interview  and  a follow-up 
interview  of  the  Original  Series  using  the  same  questions,  to  obtain 
objective  Information  on  military  service,  radar  exposure,  etc.,  an 

I 

I independent  search  of  U.S.  Government  military  service  records  was  also 

carried  out. 
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An  arrangement  was  made  with  the  National  Academy  of  Sciences  i 

(NAS)  Follow  Up  Agency  to  perform  the  search  of  military  service  records 
and  occupational  classifications  at  the  National  Personnel  Record  Center  - 

I i 

Military  Records  - in  St.  Louis,  Missouri.  A list  of  the  names  of  all 
fathers  of  cases,  of  controls,  of  new  matches,  etc.,  (irrespective  of 

I 

whether  any  service  history  was  known)  was  submitted  to  NAS  without 
identification  of  case-control  status  or  interview  responses  on  exposure. 

Therefore,  searchers  did  not  have  this  prior  information  wlien  looking 
for  records  or  reporting  observations.  Classification  of  military  jobs, 
e.g.,  MOS  (Military  Occupational  Specialty),  numbers  and  job  titles, 
with  regard  to  exposure  was  determined  independently  by  Army  and  Navy 
consultants. 

Definition  of  what  constituted  exposure  to  radar,  and  thus  classi- 
fication of  fathers  as  "exposed"  or  "uncxposed"  turned  out  to  be  com- 
plicated, even  after  consultation.  Therefore,  separate  tabulations 
are  presented  for  the  findings  from  interview  only,  from  NAS  search  only, 
and  from  the  combined  data.  Categorizations  for  each  differs  slightly 
because  of  the  variation  in  types  of  information  available.  In  the 
classification  based  on  interview  report  only,  i.e.,  where  subjects 
are  categorized  on  the  basis  of  response  to  interview  questions),  a sub- 
group that  reported  having  been  "near"  radar  or  radar  installations 
but  not  having  worked  "with"  radar  was  classified  as  "near  exposure". 

Another  categorization  was  based  on  NAS  report  of  military  jobs  held 
and  the  classification  of  those  military  jobs  with  regard  to  exposure, 
as  determined  by  Army  and  Navy  consultants.  Still  another  categorization 
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was  based  on  combined  Int'onnation  from  NAS  and  Interview. 

These  are  described  further  with  tl»e  discussion  of  the  respective 
tabulation  in  the  Results  section  below.  Tlu'  criteria  for  the  classifica- 
tions of  radar  exposure  are  listed  in  Appendix  (’-2^ as  previously  Indicated 
above. 
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The  radar  exposure  categorization  of  fjithers  in  the  Chromosome 
Study  was  based  on  a combination  of  interview  responses,  military  service 
records  and  consultants'  classification  of  MOS  and  job  titles.  Three 
classes  were  used  "exposed,"  "near  exposure,"  (e.g.,  for  fathers  who 
worked  near  radar  equipment  but  not  with  it>  and  "unexposed". 

Chromosome  Studies 

Subjects  in  the  Chromosome  Study: 

For  the  "chromosome  study",  all  fathers  of  Origimtl  and  Current 
Series  subjects  "exposed"  to  radar  (according  to  established  criteria 
of  "exposure"  ‘ > and  available  for  study,  and  "unexposed"  fathers  matched 
to  them  (through  the  establislu'd  criteria  for  matching  of  index  children) 
and  available  for  study  were  included.  As  Indicated  above,  the  basic 
plan  was  to  examine  and  compare  the  chromosomes  of  (1)  radar  exposed 
fathers  of  r>y\.m'8  cases  and  the  unexposed  fathers  of  their  matched  con- 
trols and  (2)  r^ldar  exposed  fathers  ot  controls  and  the  unexposed  fathers 
of  the  cases  to  wl>om  they  were  matched,  ihily  a limited  number  of  such 
combinations  were  available,  however,  necessitating  the  use  of  "new 
matches" . 

For  example,  if  the  fathers  ol  controls  in  il),  or  Down's  cases 
in  (2),  were  exposed  or  unavailable  for  study,  the  index  child  of  the 
exposed  father  was  matched  by  sex,  race,  hospital  of  birth,  miJternal 
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See  Appendix 


33 


jige,  etc.  (i.e.  by  all  the  criteria  used  for  the  original  matched  pairs) 
and  the  father  derived  from  the  resultant  match  became  a "new  match". 


Thus  the  new-matched  fathers  were  ascertained  for  a comparison  series 
and  were  matched  either  to  exposed  fathers  of  Down's  cases  or  exposed 
fathers  of  controls.  To  be  eligible,  however,  the  "new  matched"  father 
also  had  to  have  been  unexposed  to  radar  and  therefore  was  subjected  to 
the  screening  interview.  In  those  cases  where  the  new  nuitch  turned  out 
to  have  been  exposed,  another  new  match  was  identified;  new  matches  were 
sequentially  selected  until  an  unexposed  "new  match"  available  for  study 
was  obtained.  Wherever  possible,  "exposed"  new  matcties  were  also  included 
in  the  study.  A "new  match"  pair  was  derived  if  an  unexposed  new  imitch 
could  be  obtained  for  a comparison,  Tims  there  are  the  5 matched  pair 
comparison  combinations  Cor  chromosome  studies  as  indicated  in  F inure  1. 

These  include: 

(1)  Exposed  Do\«ni's  fathers  vs.  Unexposed  Control  fathers 

(2)  Exposed  Control  fathers  vs.  Unexposed  Down's  fathers 

(31  Exposed  Down's  fathers  vs.  Unexposed  New  Matches 

(4)  Exposed  Control  fathers  vs.  Unexposed  New  Matches 

(SI  Exposed  New  Matches  fathers  vs.  Unexposed  New  Matches 
Separating  "exposed"  into  "definitely  exposed"  and  "near  exposure" 
classes,  there  are,  in  fact,  10  different  types  of  nuitched  pairs, 
although  none  of  the  pairs  on  which  chromosome  studies  were  done  were 
in  the  last  category  (i.e.  new  match  fathers  near  exposure  with  un- 
exposed new  matches,  (See  Tabic  CS-11 . 

An  attemy't  to  obtain  blood  samples,  culture  chromosomes  atid 
complete  chromosome  analyses  on  all  such  eliglbles  were  made.  There 
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were,  nevertheless,  several  problems. 

As  noted  above,  definition  of  what  activities  and/or  locations 
constituted  exposure  to  radar,  and  thus  the  complexity  of  classification 
of  fathers  as  "exposed"  or  "unexposed"  even  after  consultation  necessitated 
the  use  of  multiple  sets  of  categorizations,  and  the  derivation  of  a 
combined  categorization  for  the  Chromosome  Study. 

Besides  exposure  classification,  another  difficulty  was  that 
not  all  fathers  were  available  for  study  - e.g.,  some  were  deceased, 
lived  out  of  the  area,  refused,  could  not  be  located,  or  were  unavail- 
able for  other  reasons.  Finally,  of  those  available  and  classified, 
some  had  unsatisfactory  blood  samples,  chromosome  cviltures  tliat  failed 
to  grow,  or  other  technical  problems.  Wherever  possible,  resampling  was 
done  if  the  problems  were  only  technical  and  fathers  were  still  avail- 
able for  study. 

Method  of  Chromosome  Analysis: 

Chromosome  culture:  Samples  of  venovis  blood  were  obtained  from 
available  eligible  "exposed"  and  unexposed  fathers  in  vacutainers. 

The  whole  blood  culture  technique  was  followed.  Lymphocytes  were 
stimulated  to  grow  ^ vitro  in  the  presence  of  phytohemagglutinin  for 
about  69  hours  at  37.4°C.  Colchicine  was  added  for  2 1/2  hours  (0.025 
to  0.03  ml  of  20  ug/ml).  Cells  were  treated  with  a hypotonic  solution 
of  Sodium  Citrate  (0.7%)  for  20  minutes  at  37. 4*^0.  The  cells  were  then 
fixed  in  3:1  absolute  alcohol:  glacial  acetic  acid.  After  one  change 
of  this  freshly  prepared  fixative,  they  were  refrigerated  overnight 
to  a period  of  two  days.  Microscope  slides  were  prepared  after  three 
changes  of  fixative.  The  cells  were  splashed  on  to  the  ice  cold  water- 
wetted  slides  from  a length  of  about  12-18"  and  blown  by  metuth.  Tliey 
were  stained  with  Giemsa  stain  and  analyzed. 
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Microscopic  study:  Search  for  analyzable  roetaphases  was  first  con- 
ducted with  a lOX  objective.  When  suitable  metaphase  plates  were  ascertained, 
a detailed  chromosome  analysis  was  done  with  a 90X  oil  immersion  objective. 


Very  Infrequently  metaphases  were  rejected  at  this  stage  for  inclusion 
in  the  final  count;  and  then  only  because  there  was  small  number  of 
chromosomes,  i.e.,  broken  cells,  overlapping  of  chromosomes,  fuzzy 
appearance,  insufficient  staining,  etc.  As  a quality  control  measure, 
a number  of  abnormalities  were  reexamined  by  another  investigator.  Tlie 
observers  and  all  the  laboratory  staff  had  no  knowledge  of  the  radiation 
exposure  status  of  the  subjects  when  conducting  their  examinations. 


(iii)  RESULTS 


The  findings  are  presented  in  terms  of;  t^ie  specific  aims  ftnd 
the  scope  of  work  indicated  in  the  project  plan  of  the  Contractor's 
Proposal  submitted  Winter -Spring  1969-1970. 

It  is  stated  in  the  Contractor's  Proposal  for  the  extension  of 
the  project  that  the  Specific  Aims  would  remain  the  same  as  previously 
specified  but  were  to  encompass  investigation  of  approximately 
140  or  more  cases  of  Down's  syndrome  and  an  equal  number  of  families 
of  control  sub jects, instead  of  the  original  estimate  of  95  cases  and 
95  controls.  As  discussed  above  and  indicated  in  Table  B-3,  the  Current 
Series  did  encompass  150  cases  and  150  controls  in  the  pooled  group 
which  includes  128  matched  pairs  including  128  documented  Down's 

cases  and  128  controls  matched  to  them.  The  Down's  cases  in  the 
matched  pairs  comprise  only  definite  cases  meeting  the  established 
criteria.  The  comparisons  presented  In  the  tabulations  and  discussed 
in  the  text  are  concerned  primarily  with  the  matched  pairs,  although 
some  data  are  presented  on  pooled  groups  as  well.  It  should  be  noted 
that  many  unmatched  cases  (i.e.,  those  listed  as  additional  cases) 
meet  all  the  necessary  criteria  but  might  have  failed  to  become  a 
member  of  a matched  pair  because  no  appropriate  control  child  could 
be  matched  within  a reasonable  time  period  or  because  one  of  the 
parents  of  a case  or  control  refused,  could  not  be  located,  etc. 
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OBSERVATIONS  PERTINENT  TO  SPECIFIC  AIMS 


SPECIFIC  AIM  1 

1.  To  compare  the  parents  of  mongols  with  those  of  controls 
with  regard  to  reported  radar  exposure,  occupations  involving  radar 
exposure,  or  exposure  to  any  occupational  or  military  sources  of 
radioactive  substances  or  radiation. 

Radar-Microwave  Exposure  (and  other  Radiation)  from  Military  or 
Occupational  Activities 

Below  is  a summary  of  the  findings  based  on  (1)  the  incorporation 
of  more  detailed  questions  regarding  radar  and  microwave  exposure  in 
the  Current  Series  interview  and  a follow-up  interview  of  the  Original 
Series  using  the  same  questions,  plus  (2)  the  search  of  military  service 
records  by  NAS  , with  classification  by  Army  and  Navy  consultants  of 
military  job  titles  as  to  exposure. 

Radar  exposure  reported  on  interview  was  classified  as  follows: 

a)  no  evidence  of  exposure  prior  to  conception  of  index  child  indicated 
in  any  of  the  responses  to  interview  queries;  b)  probably  no  exposure  - 

some  equivocal  response  but  no  real  exposure  likely  other  than  that 

received  by  the  general  population;  c)  probably  some  exposure  - exposure 
likely  in  excess  of  that  received  by  the  community  in  general:  e.g., 
worked  in  industry  where  radar  was  used,  mobile  radar  in  his  unit, 

radar  on  his  ship,  stationed  at  a radar  park,  etc;  and  d)  exposed  - 
occupation  or  service  definitely  involving  radar  / microwave  operations. 


I 

thuj  likely  in  excess  of  general  population  exposure. 


As  already  noted,  to  obtain  objective  information  on  military  service 
radar  exposure,  etc.,  names  of  all  fathers  were  searched  for  past 
military  history  and  all  occupational  classifications,  via  an  arrange 
ment  made  with  NAS  to  perform  this  search.  No  identification  as  to 
whether  name  belonged  to  a father  of  mongol,  control,  new  match,  etc. 
was  given  when  the  list  of  names  was  submitted  to  NAS. 
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Table  R-1  suinnarizes,  from  interview  data  only,  the  radar-microwave 


exposure  history  of  fathers  of  cases  and  controls  in  matched  pairs  and 
pooled  groups  (including  unmatched  fathers).  Time  relative  to  con- 
ception is  not  considered  in  this  tabulation;  thus,  the  exposed  fathers 
whose  exposure  may  not  have  been  prior  to  the  conception  of  the  index 
child  are  included.  Limited  to  matched  pairs  only,  a smaller  percentage 
of  case  than  control  fathers  reported  some  type  of  exposure  in  the 
Current  Series  (17.37o  vs.  21. 37.),  a larger  percentage  in  the  Original 
Series  (22.6%  vs.  16.1%),  with  the  counterbalanced  effect  in  the  Combined 
Series  (20.5%  vs.  18.1%)  observed.  Including  those  with"probably  some 
exposure"(27.5%  vs.  29.2%  in  the  Current,  25.27.  vs.  16.6%  in  the  Original, 
and  26.1%  vs.  21.4%  in  the  Combined  Series),  the  excess  in  case  fathers 
clearly  derives  from  the  Original  Series,  as  was  the  pattern  using  only  the 
"Exposed" . 

Tables  R-2,  R-3,  and  R-4  contain  data  as  to  whether  fathers  had  any 
radar  exposure  before  conception  of  the  index  child  irrespective  of  whether 
such  exposure  extended  into  the  period  following  conception  or  not. 

Table  R-2  summarizes,  from  interview  data,  paternal  radar  exposure 
reported  to  have  occurred  prior  to  conception  of  the  index  child, ^ classifying 
exposure  in  categories  of  "no  exposure", "probably  some  exposure", cad  "exposed".  As 
observed  in  Table  R-1  (which  disregarded  time  relative  to  conception  of  index) 

and  in  contrast  to  the  Original  Series, 

NOTE:  In  all  tabulations  of  radar  exposure,  military  service,  etc.,  where 

time  relative  to  the  conception  of  the  index  child  is  indicated, 
priority  is  given  to  "time"  before  or  "prior"  to  conception  of  the 
index.  Therefore,  if  exposure  extended  over  a period  of  time  which 
overlapped,  encompassed  or  included  any  time  prior  to  index  conception, 
even  if  the  proportion  of  the  prior  exposure  was  very  small  relative 
to  the  total  exposure,  the  exposure  is,  nevertheless,  coded  as  "Prior". 
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Table  R-2  shows  Current  Series  control  fathers  to  have  rates  of  definite 


exposure  (omitting  "probably  some")  almost  507o  higher  than  case  fathers  (but  NSD): 
8.37,  in  case  fathers  vs.  12.67,  of  control  fathers  from  matched  pairs  (p  = .61). 
Combining  the  "probably  some"  with  those  definitely  exposed  (21.6%  vs. 

23.5%  for  matched  pairs),  the  trend  is  still  in  the  opposite  direction 

from  that  of  the  Original  Series.  While  the  reevaluated  Original  Series 

continues  to  show  an  excess  of  case  fathers  reporting  exposure  (13.8% 

versus  11.57.  for  matched  pair  control  fathers),  the  difference  is  not 

significant  and  the  margin  is  narrower  than  previously  assumed  from 

initial  review.  Ao-’ing  in  the  "probably  some"  group  gives  18.6%  of 

matched  pair  case  fathers  exposed  as  compared  to  13.4%  of  control  fathers  (p  = .27). 

When  the  Original  Series  is  combined  with  the  Current  Series,  the 

differences  previously  reported  are  counterbalanced  and  all  but  disappear: 

for  those  with  definite  exposure  11.5%  case  fathers  vs.  12.0%  control 

fathers  of  matched  pairs;  and  when  including  those  with  "some  exposure": 

19.8%  vs.  17.8%  (p  = .62). 

Table  R-3  deals  with  paternal  radar  exposure  before  conception  of 
the  index  child,  utilizing  NAS  inforwition  only  and  using  only  two  cate- 
gories of  exposure  "Not  exposed"  and  "Exposed".  Here  where  the  categories  are 
limited  to  exposed,  not  exposed,  and  unknown,  the  patterns  remain  the 
same  as  those  in  the  interview  data.  In  the  Current  Series,  evidence 
for  radar  exposure  was  documented  in  8.8%  of  case  fathers  and  11.9%  of 
control  fathers  when  limited  to  matched  pairs  only;  in  the  Original 
Series,  10.3%  vs.  8.2%  for  case  and  control  fathers  respectively  in 
the  matched  pairs.  Thus,  as  with  the  interview  data,  the  slight  devia- 
tions of  the  two  series  in  opposite  directions  tend  to  counterbalance 
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and  the  Combined  Series  yieldSalmost  identical  exposure  rates  for  case 
and  control  fathers  of  matched  pairs  (9. 81.  vs.  9,6'/!.). 


Table  R-4  summarizes  paternal  radar  exposure  before  conception  of 
index  child  from  combined  interview  and/or  NAS  recording  exposure  in  terms 
of  probability  of  exposure  prior  to  tiie  conception  of  the  index  child  in 
the  following  categories:  "N».i  exposure  definitely  prior";  "Probably  no 
exposure",  "Probably  some  exposure",  and  "Exposed",  For  Current  Series 
matched  pairs,  exactly  the  same  percentage  of  case  and  control  fathers 
(71.7'/.)  showed  "no  exposure"  in  the  period  definitely  prior  to  concep- 
tion of  the  index  child,  although  a somewliat  smaller  proportion  of  c/ise 
than  control  fathers  ( 1 5 . 7'Z.  vs.  21.3'/.)  appear  definitely  to  have  been 
exposed.  If  the  exposed  are  combined  with  those  probably  having  some 
exposure,  the  difference  is  not  so  marked  (25.9/,  vs.  28.4/'>.  In  the 
Original  Series^ the  deviation  was  consistently  (though  not  markedly) 
in  the  opposite  direction;  exposed  (19.6'/.  vs.  15. T"/.),  Including  pro- 
bables, 21,7'/,  vs.  16.2'/o;  with  those  having  definitely  none  prior  to  con- 
ception also  deviating  slightly  (78. 4'/,  vs.  83.8/,).  As  a result,  there 
was  counterbalancing  in  the  Combined  Series,  with  the  larger  Original 
Series  tipping  that  balance  only  when  probables  were  included  or  when 
those  with  definitely  no  exposure  prior  to  the  conception  of  index  were 
considered.  For  the  simple,  definitely  "exposed"  category  the  frequency 
among  case  fathers  (18.17)  was  almost  identical  to  that  for  control  fathers 

(17.8'/,)-  None  of  these  differences  was  statistically  significant. 

Table  R-5  presents  history  of  paternal  radar  exposure  as  reported 
on  Interview,  with  exposure  tabulated  relative  to  probable  date  of  con- 
ception of  the  index  child.  Including  not  only  "before"  conception  but 
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also  "during"  year  of  conception,  and  "after"  conception.  For  this  tabu- 
lation, degree  and  type  of  exposure  are  disregarded.  Those  with  "definite"  and 

"probably"  some  exposure  are  considered  "exposed".  For  matched  pairs,  18. JZ  of 
case  lathers,  as  compared  to  21,07.  of  control  fathers  reported  exposure 
before  the  conception  of  the  index,  and  21.67.  vs.  23.57.,  including  those 
wliose  expostire  was  not  only  before,  but  also  after.  This  is  in  contrast 
to  Original  Series  matched  pairs:  18.67  for  case  fathers  vs.  12.87.  for 
control  fathers.  The  two  series  result  in  a counterbalancing  effect, 
more  markedly  influenced  by  the  larger  Original, to  yield,  for  the  Com- 
bined Series,  1‘).87.  vs.  17.47.  for  matched  pairs  and  19.47.  vs.  17.97.  for 
pooled  case  fathers  vs.  pooled  control  fathers  for  preconception  ex- 
posures. Very  little  occurred  in  the  post  conception  period. 

It  should  be  noted  that  there  are  a few  differences  between  the 
sum  of  "before",  "before,  during,  after”  and  "before  and  after"  tabu- 
lated here  and  the  "before"  in  Table  R-4.  even  though  the  latter  refers 
to  all  time  combinations  that  include  "before".  Table  R-4  includes 
NAS  reporting  in  addition  to  interview  information;  and,  therefore, 
more  individuals  might  be  listed  as  having  exposure  from  the  two  sources. 

Thus,  the  sum  of  "before",  "before,  during,  after"  and  "before  and  after", 
of  Table  R-5  yields  smaller  numbers  than  "exposed"  plus  "probably  some" 
of  R-4 ; although  not  smaller  than  the  "exposed"  only  of  Table  R-4,  as 
the  "before"  category  of  R-4  includes  some  individuals  who,  on  interview, 
claim  exposure,  but  who,  on  the  basis  of  further  NAS  data,  may  have 
been  classified  as  "probably"  rather  than  definitely  "exposed". 

Table  R-6  describes  time  of  radar  exposure  of  fathers  (time 
relative  to  conception  of  index  child)  using  NAS  information  only. 
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For  the  Combined  Series,  Matched  Pairs,  the  percentage  of  Combined 
Series  case  and  control  fathers  for  whom  there  is  no  evidence  of  exposure 
is  similar  whether  based  on  percentage  known  (90. 2X  vs.  90.57,),  or 
total  (83.17,  vs.  82.67,).  There  are  a few  more  unknowns  among  case 
thiin  control  fathers  in  the  Current  Series  (14  vs.  10  fathers)  and 
the  opposite  in  the  Original  Series  (13  vs.  20  fathers  classified  as 
unknown  from  NAS  data).  Tlie  reported  exposure  is  low  and  the  differ- 
ences are  small  throughout,  however,  even  for  exposure  in  the  specifically 
"before"  conception  category  (8.87,  vs.  11.97,  for  Current,  9.97.  vs. 

8.27,  for  Original,  resulting  in  9.57,  vs.  9.67„  for  the  Combined  Series). 

In  comparing  the  data  from  interview  only  (Table  R-5)  and  NAS  only 

(Table  R-6) . it  is  not  unexpected  that  interview  reporting  would  yield  a 
higher  frequency  of  exposure  as  it  includes  non-military  sources. 

The  possibility  of  over-reporting  of  military  exposure  and/or  report- 
ing of  military  sources  not  documented  or  discernible  from  military 
records  must  also  be  considered.  As  for  the  proportion  of  fathers 
classified  as  unknown,  it  is  also  not  surprising  that  the  proportion 
is  by  far  the  highest  for  the  data  based  on  interview  only  for  the 
Original  Series  (from  Table  R-5,  22.77,  for  case  and  27.87,  for  control 
fathers)  as  recall  would  be  more  difficult  with  the  longer  time  interval 
involved  for  follow  up  interview  of  that  series.  Accordingly,  it  Is 
not  inconsistent  that  for  nAS  reporting  from  record  search  (not  depending 
on  individual  memory  and  reporting)  there  is  no  real  difference  between 
the  Current  and  Original  Series  frequency 
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of  unknowns  (from  Tabic  R-6:  10.97,,  anil  7, 87.  for  case  and  control  fathers 


r 


respectively  in  the  Current  Series;  as  compared  to  6.0/L  and  9.37.  respectively 
in  the  Original  Series). 

Tables  R-7  and  R-8  give  numerical  cross  tabulations  of  graded  likeli- 
hood of  paternal  radar  exposure  by  the  time  of  tliat  exposure  relative 
to  conception  of  the  index  child.  Table  R-7  pertains  to  fathers  of 
matched  pairs  and  R-8  to  fathers  of  pooled  (including  unmatched)  index 
children.  Both  tables  use  combined  interview  and  NAS  information.  As 
shown  in  Table  R-7,  from  the  128  Current  Series  matched  pairs  with  only 
1 unknown  among  case  fathers  and  1 among  control  fathers,  33  of  the 
35  case  fathers  with  definite  or  probable  exposure  had  at  least  some 
exposure  prior  to  the  birth  of  the  index  child,  as  compared  to  36  control 
fathers  with  exposure,  all  of  whom  had  some  prior  to  conception  of  the 
index.  In  the  Original  Series,  there  were  21  case  fathers  and  11  con- 
trol fathers  whose  exposure  status  was  unknoiim.  Of  the  48  case  fathers 
witli  definite  or  probable  exposure,  at  least  42  had  some  prior  to 
conception;  of  the  34  probably  exposed  control  fathers,  32  had  some 
prior  to  conception.  Tlius,  the  excess  in  the  case  lathers  of  the 
Original  Series  is  apparent  in  the  Combined  Series  tabulation,  in 
which  75  of  the  83  probably  and  definitely  exposed  case  fathers  and  68  ot 
the  70  probably  and  definitely  exposed  control  fathers  had  some  exposure 
prior  to  conception  of  the  index  child. 
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As  shovm  in  Table  R-8.  among  150  Current  Series  pooled  case  and 


control  fathers,  2 of  150  case  fathers  and  7 of  150  control  fathers 
were  unknown  as  to  exposure  status.  Of  the  39  case  fathers  with  defin- 
rtc  or  probable  exposure,  all  but  2 had  some  exposure  before  conception 
of  index;  of  39  control  fathers  exposed,  all  had  some  of  their  exposure 
prior  to  index  conception. 

In  the  Original  Series,  of  50  exposed  or  probably  exposed  case 
fathers,  42  were  exposed  prior;  of  37  control  fathers  of  the  same  ex- 
posure types,  34  were  exposed  prior.  Thus  the  excess  of  case  fathers 
exposed  shown  in  the  Combined  Series  derives  entirely  from  the  Original 
Series  when  pooled  groups  are  tabulated,  as  well  as  when  matched  pairs 
only  were  considered  in  Table  R-7. 

Table  R-9  tabulates  interview  responses  regarding  fathers'  service 
on  shipboard  relative  to  time  of  conception  of  the  index  child.  Although 
there  was  no  difference  in  the  Original  Series  matched  pairs,  for  the 
Current  Series  matched  pair  and  pooled  fathers  respectively,  there  was 
a very  slight,  but  consistently  higher,  frequency  of  case  fathers  than 
control  fathers  who  reported  having  served  below  deck  prior  to  concep- 
tion of  the  index  child;  thus  for  Combined  Series,  5.4‘7.  vs.  4.2'X..  On 
the  other  hand,  slightly  but  consistently  fewer  case  than  control 
fathers  reported  shipboard  service  above  deck:  for  Combined  Series 
matched  pairs,  107o  of  case  fathers  versus  13.67„  of  control  fathers. 

Table  R-10  summarizes  interview  responses  concerning  paternal 
work  (by  type)  with  radar  In  the  military  service  relative  to  time  of 
conception  of  the  index  child.  For  all  categories  of  radar  contact 
(repair,  maintain,  operate  and  test),  except  for  "other"  unspecified 
operations,  there  was  a lower  frequency  of  case  fathers  than  control 
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fathers  in  the  Current  Series  matched  pairs,  but  a higher  frequency  of  case 

than  control  fathers  In  the  Original  Scries  matched  pairs  reporting  such 

activities  prior  to  the  conception  of  the  index  child.  As  a result,  the  Combined 

Series  showed  an  intermediate  pattern,  taking  the  direction  of  the 

larger  Original  Series, except  for  the  category  of  "operating  radar", 

where  4.67.  of  case  fathers  vs.  S.47.  of  control  fathers  from  the  matched 

pairs  reported  having  done  that  type  of  work.  A marked  deviation 

in  the  same  direction  was  observed  among  Current  Series  pooled  as  well  as 

matched  fathers.  Also,  for  other  operations  the  magnitude  as  well 

as  the  pattern  of  difference  was  similar  for  Current  Series  matched 

pairs  and  pooled  fathers. 

Table  R-11.  in  the  same  tabulation  format  as  R-10.  pertains  to 
responses  to  questions  indicating  "microwave"  rathei  than  "radar".  Tlie 
frequencies  of  afflimative  reports  are  extremely  low  for  both  the 
Current  and  the  Original  Series,  with  only  the  latter  showing  a con- 
sistently higher  frequency  among  matched  pair  case  fathers  than  con- 
trol fathers  occurring  prior  to  index  conception,  thus  yielding  a 
similar  pattern  in  the  Combined  Series  matched  pairs.  With  a large 
proportion  of  the  comparison  cells  (all  of  those  for  control  fathers) 
containing  fewer  than  5 individuals,  it  is  clearly  inappropriate  to 
extrapolate  as  to  any  Implications. 

Table  R-12  deals  with  paternal  work  with  unspecified  electronic 
products  in  military  service  based  on  interview  data  and  using  the 
same  format  as  R-10  and  R-11.  The  pattern  of  findings  is  similar  to 
those  of  Tables  R-10  and  R-11.  For  all  aspects  of  this  type  of  work 
prior  to  conception  of  the  index  child,  there  were  higher  frequencies 
among  matched  pair  control  than  case  fathers  in  the  Current  Series 
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(except  for  "other"  work)  ; and  the  Original  Series  showed  higher  frequencies 
in  case  than  control  fathers.  The  pattern  of  the  Original  Series  is 
reflected  in  the  Combined  Series  matched  pairs  for  repair,  maintain 
and  other  work,  but  not  for  operating  and  testing  electronic  products 
in  which  more  control  tlian  case  fathers  were  involved  in  the  Combined 
Series  as  in  the  Current  Series.  The  tabulation  for  pooled  fathers 
of  the  Current  Series  reflects  the  pattern  of  the  matched  pairs  of 
that  series,  except  for  "repairing"  electronic  products,  for 

\>/hich  the  case  and  control  fathers  showed  Identical  frequencies. 

Table  R-13  is  based  on  interview  responses  to  questions  concern- 
ing fathers'  work  with  radio  communicat ions  gear  relative  to  time  of 
index  conception,  again  in  the  same  format  as  the  preceding  tables. 

For  both  the  Current  and  ()riginal  Series  matched  pairs  there  was  a 
larger  percentage  of  case  fathers  than  control  fathers  wlio  reported 
having  repaired,  maintained,  operati'l  or  tested  such  equipment.  Although 
the  overall  frequencies  were  low,  nev  rtheless,  there  was  over  a twfold 
difference  in  the  Cimibined  Series  matched  pairs  for  repairing  (6.67„ 
for  case  fathers  vs.  3.2'  for  control  lathers),  maintaining  (8.17.  vs. 

3.57.)  and  testing  (4.4:.  vs.  2.1),  with  12.1'  vs.  8.17  reported  for 
operating  and  no  difference  (l.l  o for  case  and  control  fathers'!  in  other 
work  with  radio  communications  gear.  Current  Series  pooled  fathers 
showed  the  same  pattern. 

Table  R-14  compares  case  and  control  fathers  with  regard  to  history 
of  work  at  special  sites  and/or  involving  mobile  radar,  as  reported  on 
interview.  In  the  Combined  Series  larger  percentages  of  case  than 
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control  matched  pair  fathers  reported  having  been  stationed  at  an  air 
field  (18.17.  vs.  15.97„),  at  a radar  park  (5.67.  vs.  3.67.) , or  at  a 
missile  site  (I.S'a  vs.  0.47.1,  and/or  having  been  in  military  units 
using  mobile  radar  (6.97  vs.  5.57.1.  For  each  series  the  deviation 
was  in  the  same  direction,  with  two  exceptions:  in  the  Original  Series, 
no -fathers  (neither  case  nor  controll  reported  having  been  stationed 
at  a missile  site;  and  in  the  Current  Series  7.67.  case  vs.  9.47  con- 
trol matched  pair  fathers  reported  having  been  in  units  that  used  mobile 
radar.  Current  Series  pooled  fathers  reflect  the  pattern  of  the  matched 
pairs  in  each  of  the  operations  but  show  somewhat  smaller  differences. 

Table  R-15  presents  a summary  of  interview  responses  to  questions 
concerning  paternal  history  of  work  in  and/or  near  radar,  microwave 
and/or  x-ray,  "in  military  service",  and  "outside  the  military"  (Table  R 
and  "in  and/or  out  of  the  military"  (Table  R-15B) . prior  to  conception 
of  the  index  case.  Except  for  the  tabulations  involving  exposure 
"outside  the  military"  (and  Original  Series  responses  to  with/near 
x-rayl , there  was  a pattern  of  more  case  than  control  fathers  report- 
ing e>posure.  For  Combined  Series  matched  pairs,  exposure  prior  to 
con>'..-pt  ion  of  index  was  reported  as  follows;  nea'.  radar  installation 
in  the  military,  7. 47  case  fathers  vs.  4,87  control  fathers;  in  and/or 
out  of  military  near/around  radar,  4.57  vs.  t.37;wliile  with/near  x-ray 
showed  a counterbalancing  effect  (3.97  vs,  3.871  resulting  from  the 
Current  Series  and  the  Original  Series  deviating  in  opposite  directions. 
The  with/near  "other  radiation"  also  showed  very  similar  values  for 
cases  and  controls  but  did  not  involve  opposing  deviations  (2,47.  vs. 
1.571.  Reported  exposure  outside  the  military  was  very  low,  especially 
for  case  fathers. 

As  the  most  likely  source  of  paternal  radar  exposure  (at  least 
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for  the  time  period  of  the  Original  Series)  was  in  the  military  service 

and  the  original  study's  findings  had  suggested  both  an  excess  of  radar 

exposure  and  of  military  service  for  case  fathers  in  Cvimparison  with 
(3  5) 

control  fathers  ’ , a study  objective  was  to  investigate  further  not 

only  the  history  of  paternal  radar-microwave  exposure,  but  also  military 
service,  incorporating,  insofar  as  possible,  procedures  le'  -alidating 
the  data. 

The  documentation  of  the  military  service  history  (particularly 
prior  to  conception  of  the  index  child)  is  pertinent  both  to  Spec i f ic 
Aim  1 (stated  above  and  in  Appendix  A)  in  terms  of  comparing  parents 
"with  regard  to  any  occupational  or  military  sources  of  radioactive 
substances  or  radiation"  as  well  as  items  1 and  VIII  of  the  Summary 
of  Workscope  outlined  in  the  Winter  1969-1970  proposal  ( See  Appendix  A), 
^'Original  Series 

I.  To  locate  the  fathers  of  cases  and  controls  in  the  original 
January  1,  1946  to  October  1,  1962  series  and  bring  their  records  up 
to  date,  obtaining  more  detailed  information  on  military  service  and 
radar  exposure  as  well  as  their  experience  since  our  last  contact... 
and 

Both  Series 

VIII.  To  validate  paternal  military/radar  history  by  independent 
search  of  government  military  files  cn  all  fathers  irrespective  of  service/ 
radar  report". 

Thus,  the  observations  with  regard  to  Military  Service  presented 
in  this  section  pertain  not  only  to  Specific  Aim  I herewith  being 


reported  but  also  to  I and  VTTT  of  the  itemized  alms  of  the  Workscope. 
Military  Service  of  Fathers:  As  discussed  above  under  Method, 

detailed  questions  on  military  service  were  added  to  the  Current  Series 

interview,  and  a follow-up  interview  of  the  Original  Series  fathers 

carried  out.  In  addition,  as  also  indicated  previously  and  referred  to  in 
the  tables  on  Radar  , there  was  the  Independent  search  of  service  records 
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on  all  fathers  of  both  series  carried  out  at  the  National  Personnel 


r 

I 


Record  Center-Military  Records  in  St.  Louis,  Missouri  (wliere  the  National 
Archives  and  Records  Service,  General  Services  Administration  records 
are  located).  Tliis  seiirch  was  done  by  staff  personnel  of  the  Follow 
Up  Agency  of  National  Academy  of  Sciences  (NAS),  experienced  in  this 
type  of  investigation.  Ae  previously  indicated,  neither  NAS  nor  its 
staff  personnel  or  any  of  those  engaged  in  the  search  were  given  any 
information  as  to  \duch  names  belonged  to  fathers  of  cases  and  wliich 
to  controls.  As  a result  of  this  search,  an  independent  source  of 
military  service  information  and  radar  exposure  was  made  available  to 
supplement  and  compare  with  the  interview  response  data. 

It  is  also  noteworthy  that  military  service  reporting  on  initial 
interview  and/or  follow-up  interview  was  almost  complete.  While  there 
were  many  fathers  who  had  not  served  in  the  military,  there  were  very 
few  about  \diom  information,  in  the  affirmative  or  negative,  was  not 
obtained.  Thus,  in  the  Combined  Series  matched  pairs,  only  1.57o  of 
case  fathers  and  O.b'X  of  control  fathers  had  an  unkno\,m  military  history. 

The  paternal  military  service  data  from  interview  and  NAS 
search  are  presented  in  Tables  MS-1  through  MS-9.  No  attempt  was  made 
to  obtain  military  service  records  or  history  on  mothers. 

Tables  MS-1  through  MS -4  are  based  on  interview  data  only. 

Table  MS-1  gives  the  history  of  military  service  of  fathers  derived 
from  their  interview  responses  and  tabulated  to  include  total  reported 
service  irrespective  of  time  relative  to  birth  of  index  child.  While 
in  the  Original  Series  a larger  proportion  of  case  than  control  fathers 
reported  military  service  (63. 5X  vs.  57.0%),  in  the  Current  Series 
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matched  pairs,  although  the  overall  frequency  was  sligluly  higher,  the 
percentage  of  case  fathers  who  reported  having  been  in  service  was 
very  similar  to  that  of  control  fathers  Tl.T'L  vs.  71.1)!,.  Tlius,  for 
Combined  Series,  matched  pairs,  the  excess  of  case  fathers  observed 
(67. vs.  62.37.’)  was  almost  entirely  due  to  the  Original  Series. 

Table  MS -2  gives  the  history  of  military  service  of  Current 
Series  matched  pair  fathers  by  branch  of  service  and  by  time  rela- 
tive to  conception  of  the  index  child,  based  on  interview  data  only, 
(■►nly  for  the  Array  was  there  a larger  percentage  of  case  than  con- 
trol fathers  serving  prior  to  the  conception  of  the  index  child,  37. S')', 
vs.  30.57.,  and  wt>en  including  service  during  the  year  of  conception, 
time  unknown,  38.37.  vs.  30.57..  No  real  excess  of  case  over  con- 
trol fathers  Vi?as  reported  in  Navy,  Marine  Corps.  Air  Corps,  Coast 
Cuard,  National  Cuard,  or  any  service  history. 

A tabulation  comparable  to  Table  MS -2  is  presented  for  Original 
Series  -■•tched  pair  fathers  in  Table  MS-3.  In  that  series,  also,  there 
was  a higher  percentage  of  case  than  control  fathers  report irc  Array 
service  prior  ^ to  the  index  conception  (32.27  vs.  28.0’,>.  Wh  .'reas  i 
slight  excess  of  case  fathers  reporting  Marine  Corps  service  prior  to 
index  conception  also  was  reported,  the  numbers  were  small  and  do  not 
vary  more  than  the  slight  variation  in  absolute  percentages  noted 
for  Na\r>'  or  Coast  Cuard  service. 

Table  MS -4  presents  the  interview-based  history  of  military 
service  by  branch  and  time  of  service  for  the  Combined  Series  matched 


NOTE;  As  noted  above,  in  all  tabulations  of  military  service,  radar 
exposure,  etc.,  where  time  relative  to  the  conception  of  the 
index  child  is  indicated,  priority  is  given  to  "time"  before 
or  "prior  to"  conception  of  the  index.  Therefore,  if  exposure 
extended  over  a period  of  time  wliich  overlapped,  encompassed 
or  included  any  time  prior  to  index  conception,  even  if  the 
proportion  of  the  prior  exposure  was  very  small  relative  to 
the  total  exposure,  the  exposure  is,  nevertheless,  coded  as 
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pairs.  As  both  the  Original  and  Current  Series  had  indicated  that 
more  case  fathers  than  control  fathers  had  served  in  the  Army  prior 
to  conception  of  the  index  child,  this  pattern  was  clearly  apparent 
Ik  in  the  total  combined  tabulation  (34. 27.  vs.  29.07.). 

Military  service  as  reported  from  the  NAS  record  search  is 
presented  in  Tables  MS-5  through  MS -8,  with  an  overall  summary  in 
Table  MS-9,  which  gives  a comparison  of  the  interview  and  NAS-based 
information. 

Table  MS-5  (based  on  NAS  data)  sunriarizes  record  of  military 
service  of  fathers  reported  by  NAS  in  comparison  with  interview  report- 
ing, irrespective  of  time  relative  to  conception  of  the  index  child 
, and  branch  of  service.  Military  service  was  verified  by  NAS  for  a 

slightly  larger  percentage  of  case  than  control  fathers  in  the  Com- 
bined Series  matched  pairs  (62.57.  vs.  56.  IZ),  with  the  excess  more 
marked  in  the  Original  Series  (.59. Ti  vs.  50.97,)  than  in  the  Current 
Series  (67.27.  vs.  64.87.).  Current  Series  pooled  fathers  reflected  the 
same  pattern  as  the  Current  Series  matched  pairs  > \i;hich  constitute 
most  of  the  pooled  subjects.  In  the  Combined  Series  matched  pairs, 
there  were  slightly  fewer  fathers  of  cases  than  of  controls  with  no 
record  from  NAS  and  no  service  reported  on  interview  (32.97.  vs.  37.8'Z)  . 
the  difference  deriving  mainly  from  the  Original  Series  (35.67.  vs. 
42.67.),  rather  than  the  Current  Series  where  the  frequencies  were 
very  similar  (28.17.  vs.  29.77).  As  for  the  proportion  for  whom  there 
was  no  record  found  by  NAS  but  for  whom  service  was  reported  on 
interview  (4.77  vs.  6.17.  in  Combined  Series),  the  trend  was  in  the 
same  direction,  although  no  real  difference  was  noted  for  either  the 
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I'ui  i<'ut  iM'  Ori^.iiKil  St'fii's  ;iiul  tin-  mnnlu'r:i  wi’Vo  jim.-i  I I . As  s ri'r.iilt, 
the  total  with  no  it'ooril  toimd  bv  NAS  was  lowc'v  U'f  oaso  than  oontro! 
lathors  tl/.''"'  vs.  in  tin'  (h'mhiiu'd  Sorios,  ''lO.;’.');.  v.s.  '*'•.17.  in 

the  ^•t■i^',inaI  ainl  l.'.S,.  vs.  'V).7.7.  in  lln'  (hirtont  Soriosi, 

Tahlo  MS-(>  iMi'st'nt  s NAS  ropiMt  od  pata'inal  militarv  Jiorvio*'  hv 
hratu'h  ol  siMvio*'  and  t iuio  rolativ*-  to  oonoopl' i on  I't  index  ehild  I iM' 
iiiateln'd  pairs  I'l  lln’  t'nrvent  S*'ri*'s.  Ail  ol  t lie  s«'rviec'  ri'pert*'*! 
t'lieoiiipasseil  tin'  |i('riod  prior  to  tin-  eoneeption  ol  tin-  iiuU'x  ehild. 

It  is  ol  inli'it'st  that  the  il  i I I eriMiei'  helwi't'ii  eas*'  aiul  eontrol  lathers 
in  the  Aniiv  is  soinevvhat  less  I roin  NAS  than  1 lul  i lat  *'il  on  i nt  iM'v  i i'v>i 

as  slu'wn  in  'I'ahle  MS -7:  l/.''7.  vs.  V*  .•'iZ  I voin  NAS  eiwipared  1 1'  17. SZ  vs. 

11). '>  on  inlei'view;  anil  inori'i'ver  that  NAS  reports  AZ  more  Armv  siM'viee 
lor  eontrol  lathers,  and  that  NAS  indiiali's  A .DZ  1 ewc'r  eontvi'l  latluMs 

in  (he  Navv  ( I '•. 'i';,,  e.'is*’  v.s.  I't.it'T.  iMiitrol  I :it  tu'iri  in  (Ik-  Navy  .iin'ord- 

1 np,  to  NAS  report  .as  eomp.ari'd  to  I'l.'');.  lor  both  e.ase  and  einilrol 
lilt  hers  iieeordinp.  to  iiitervievi?  responses').  ■I’liiis,  there  Is  ii  data 
sliilt  I rom  Navv  to  Armv  servii'*'  vieldinp\  not  oiilv  a :ima  1 1 ei'  easi'- 
eontrol  |<iiteriiiil  dilleiiau'e  in  Aniiv  .si'rvii*'  hnl  prodiieinp  a slip.ht 
exei’ss  in  N;ivv  serviie  lor  eii.se  I ill  hers  ii.s  eomi>iired  to  eontrol  tilt  hers.  ^ 

1^' I e M:!-/  pre.s»>nl  s eor  respond  i up.  t iihn  I ill  i ons  ol  NAS  ri'norl'.'d 
hisloiv  ol  piiteiiiiil  militiirv  lU’iviee  hv  hriineli  ot  .si'iviee  iiiid  time  lor 
the  Orip.iiiiil  Serl<'s  iiiiitihed  piilrs.  Only  lor  I lu-  Armv  wiis  there  iliiv 
servlee  rejioi  t ed  lliiil  did  not  <'xl  end  into  the  period  prior  to  the  i-ini- 
eeplion  ol  the  index  ehild  tO.'iZ.  lor  eii.se  liitliers  iiiul  0.''"  lor  eontrol 
liitliers  iilter  eoiiieptioii  ol  indexK  Koi  the  sorviet'  "t'lior"  lo  eoneeption  ol 

X 

S«'e  Tiihle  MS-')  lor  the  I iihii  I iit  t'd  liiitniiinrv  oompiirison  ol  NA."^  .tnd  Interview 
ri'porl  I lip. 

■i  I 


Ihf  ii>vU'x  rI>lUl,  tlu'l'i'  Wild  iiii  I'xi'i'stt  I’l  I'iidi'  liitlu'i;!  ii;i  I'omi'iH'i'il  1 1< 


r 
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i 


i-i'UtVi'l  tiitliiTS,  In  piirt  i i-n  1 ill'  li<r  5 li«'  Aniiv  vs.  Init 

iiljin  li'i'  t lu'  Niivv  v.s.  iiiul  MiUtnns  ^.'.n  vji.  i>  " .O'l.M. 

Wliili'  till'  siimo  t I'l'iul  Wild  lU't  c'il  i'll  inti'vviow  ^Tiil'ln  NS- , llu'  il  1 I I iM  otu-od 
wi'Vi'  lU't  tin'  diliiu'.  UiidOil  on  poro  ont  iic,*'  ol  totiil  snl'loi'ts  (.Soo  Till' 1 o MS-'>1 
NAS  dlu'woil  lilv^lior  liit  os  iiiiil  ii  liiip.o>  vl  i i 1 oionoo  lor  Aniiv  lioivioo  tlwin  into 
V 1 ow  t ' I , , vd.  J/.S'',1  wlioroiid  Niivv  liit  os  woro  si'iiiowliiit  lowor  t Inin  Inlorvi 

il7.r  vji.  iiiiil  t lio  Miiiino  i\'ipd.  iii'piox  imst  i' 1 v tlu'  siimo. 

Tin'  t ill'll  I iit  1 on  I v'v  t lio  I'oiiil' i noil  Soiios  is  p.lvon  In  'I'iil'li*  MS-S. 

Uiidoil  on  tho  NA;t  lov'oiil  lii'iU  oh  i i-poi  t onlv.t'"'  moro  liithorji  I'l  vii.'so:!  t Inin 
I'l  oi'iitiol.-i  doivo'l  in  tho  Annv  priv'i  t »'  oonoi-pt  ion  ol  tho  iiulox  t'/..’ 

Vii  U.l  ,1,  iiliiiodt  >'■  iiu't  »■  oiido  I hiiii  oontiol  liilhors  In  tho  Niivv 
Vd.  l•l.S'„^  witli  ii  iiliiiiliil  I i oinl  diiyip.i'.'it  Oil  in  tho  NiiiiiU'.'s  ( K''  vs. 

^ , il  1 1 lu'iip.li  tlio  lil.'it  Id  ontliolv  ihio  tv'  vl  I I I I'l  ono  v'd  in  tin'  ihlmuiil 
Soi  t od . 

Tiihlo  Mil-'i  !iiimi\iiii' I .-Od  tho  hidtv'iv  ol  iiitlitiirv  soivioo  U".  luiii'iil. 
I'ri.niHiil,  iiiul  i'oHil' I Ill'll  Si'ilod  I'v  I’liiiuh  ol  .'iorvloo  iiiiil  I iiiio  loliillvo 

to  oonoo\'t  ion  v'l  iiiilox  ohiM,  iillowinv.  oonn'iir  i jion  ol  iliil  ii  I i oiii  I ho 

I ill  I'l'V  1 «'i>’  fi'dpi'iidod  iiiul  I loiii  tho  Ni\S  di'ilioh  ol  looi'iihi . Tho  lliiiliiif^d 
iiro  lovlowoil  in  diuimiiiiv  ho  low. 

Snimiiiiiy  ol  piitoiiiiil  iiiilltiiiy  .‘iorvloo  oxpoiloiii-o  lor  tho  I'nrront  , 

I'r  i v',i  Hill  . iiiul  I'oiiih  inoil  Sorio.'i  I roiii  inlorvlow  iiiul  NAS  rot'ort  : Althovip.h 
tho  Intorvlow  iliit  ii  ili>l  not  iiulloiito  iinv  dtrlKing  ililloronoo  hotwoon 
Oiidod  iin.l  oontrold  In  totiil  iiiilitiirv  dorvloo  lor  oithor  .'lorlod,  tho  iiliiK'jit 
■'  I'xoojid  in  onno  tiithuvs  of  tho  i'oiiih  int'il  S*'vlofi  mut  ohnl  piilrs,  Tiih  I o MS  - 1 
(','.il  Vd.  ('.’.1  il  i di'o^iiril  I n^  t liiio  ol  dorvloo  roliillvi'  to  I'onoi'ption  ol 
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the  Index  child,  derived  almost  entirely  from  the  Original  Series 
(63.57..  vs.  Sy.O/ol  ratlier  than  from  the  Current  Series  (72.77,  vs. 

71.17o).  In  the  Current  Series  matched  pairs,  03  of  the  128  case 
fathers  and  91  of  128  control  fathers  served  in  some  branch  of  the 
service. 

When  military  service  v.ras  examined  relative  to  the  probable 
date  of  conception  of  the  index  child,  iilmost  all  of  the  service  was 
reported  to  have  overlapped  into  a time  period  prior  to  conception,  the 
time  period  of  interest  with  rej?»rd  to  possible  etiological  or  risk 
factors  in  Down's  syndrome  (Table  MS -9) . Kor  paternal  military 
service  prior  to  conception  of  the  index  child,  by  branch  of  service 
for  the  matched  pairs  of  the  Current,  Original  and  Combined  Series, 
the  data  derived  from  (11  reporting  of  respondents  at  interview  and 
(2)  NAS  reports  tabulated  separate  I y , revealed  no  striking  patterns. 

No  sizable  differences  were  observed  betvwen  case  and  control 
fathers.  Tlu'  only  suggestion  ot  a deviation  appeared  in  the  higher 
percentage  of  case  than  control  fiithers  in  the  Army  prior  to  concep- 
tion of  the  inilex  chi  hi,  and  that  was  not  statistically  significant. 

In  the  Current  Series,  38.37.  vs.  30.57.  for  case  ami  control  fathers, 
respectively,  on  interview  (p  = .191,  and  37.57,  vs.  34.47.  from  NAS 
(p  = .611  were  noted.  Tlie  trend  in  the  Original  Series  was  similar 
to  the  Current  Series  with  regard  to  Army  service,  except  that  the 
larger  deviation  between  case  and  control  fathers  appeared  in  the  NAS 
report  rather  tluin  in  the  interview  data,  (31.57.  for  case  fathers  vs. 
27.  RZ.  for  control  fathers  on  interview,  37.07.  vs.  29,27.  from  NASI. 

For  Marine  Corps  service,  the  deviations  in  the  Current  Series  and 
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Original  Series  were  in  opposite  directions.  The  Current  Series  showed 
a slightly  lowe*.-  proportion  of  case  than  control  fathers  in  the  Marines 
(3.97.  vs.  7 .Cf'l  on  interview;  3.17.  vs.  6.37.  on  NAS  report),  whereas 


the  Original  Series  showed  more  case  than  control  fathers  in  the  Marines 
(3,77,  vs.  l.47o  from  Interview;  3.7X.  vs.  0.97  from  NAS  report  approach- 
ing significance  only  in  the  latter  situation, p = .052)  result- 
ing in  a counterbalancing  in  the  Combined  Series  (3.87  vs.  3.57.  on  inter- 
view; 3.57o  vs.  2.97.  from  NAS).  None  of  the  other  services  showed  any 
case  control  differences  in  the  Original  or  Current  Series,  and  con- 
sequently only  the  deviation  in  the  Array  service  remained  in  the  Com- 
bined Series:  34.07  case  fathers  vs.  28.87  control  fathers  on  inter- 
view (p  = .14);  37.27  vs.  31.17.  on  NAS  report  (p  = .09).  With  all 
branches  of  the  service  considered  together,  there  was  a slightly 
higher  frequency  of  case  fathers  than  control  fathers  with  a history 
of  military  service  in  the  Combined  Series  (from  interview,  64.27.  vs. 
61.37,  p = .61;  from  NAS,  61.37,  vs.  54.67,  p = .13).  Most  of  the 
difference  derived  from  the  Original  Series  (on  Interview,  60,27,  vs. 
56.57,  p = .61;  from  NAS,  58.87  vs.  49.57,  p = .11),  rather  than  the 
Current  Series  (on  interview,  71.17,  vs.  69.57,  p = .89;  from  NAS 
65.67  vs.  63.37,  p = .78).  Thus  the  larger  percentage  of  case  fathers 
with  military  service  prior  to  conception  of  the  Down's  cases  suggested 
in  the  Original  Series  was  not  as  apparent  in  the  Current  Series;  and  the 
Combined  Series  did  not  show  any  marked  difference  between  case  and 
control  fathers  in  military  history. 

This  was  of  particular  Interest  since  in  contrast  to  the  sugges- 

(3) 

tion  noted  previously  in  the  Original  Series  , the  Current  Series 

did  not  yield  evidence  of  any  kind  suggesting  that  case  fathers  had 

an  excess  of  radar-microwave  (or  other  radiation)  exposure  from  any 
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sources  inside  or  outside  the  military,  as  compared  to  controls. 


Maternal  Oecupational  Radar-Microwave  and  Other  Radiation  Exposure  Histor' 

As  for  mothers'  responses  to  questions  concerning  radar-microwave 
and/or  other  radiation  exposure,  there  were  very  few  affirmative  replies. 
Consequently,  no  tabulations  are  presented  here.  Instead,  the  data 
are  summarized  below.  No  Current  Series  mothers  (case,  control, 
matched  pairs  or  pooled  groups)  reported  having  worked  with  radar  or 
microwaves  of  any  type.  Two  case  mothers  (of  149  for  whom  information 
was  known)  reported  having  worked  near  radar  installations,  but  no 
control  mothers. 

It  should  be  noted  that  the  radar  questions  had  not  been  included 
in  the  interviews  of  mothers  in  the  original  study,  and  that  the  follow- 
up contact  of  fathers  for  radar-microwave  and  military  service  infor- 
mation did  not  include  re-interview  of  mothers,  except  by  happenstance 
when  fathers  were  being  traced.  In  terms  of  cost-benefit  considera- 
tions, the  logistics  and  likely  productivity  clearly  did  not  warrant 
further  exploration  along  those  lines,  in  view  of  the  paucity  of 
maternal  occupational  and/or  military  exposures  indicated  in  the 
Current  Series  interview,  which  did  include  more  detailed  questioning 
on  such  exposures. 

Consequently,  there  was  also  no  attempt  to  document  maternal 
military  service  or  to  carry  out  an  independent  search  of  maternal 
service  records. 

Nevertheless,  maternal  occupational  exposures  or  potential 
exposures  to  radiation  sources  were  examined  insofar  as  possible  from 
the  interview  responses  to  occupational  history  as  well  as  the  direct 
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raclar-microwave-radiation  questions.  Also,  in  addition  to  the  general 
classification  of  maternal  occupations  into  the  standard  categories 
used  for  socioeconomic  indexes  (shown  in  Table  SO-1) . responses  were 
scrutinized  in  regard  to  possible  exposure  risk  occupations. 

As  for  direct  responses  in  the  Current  Series  indicating  occupa- 
tional x-ray  exposure  prior  to  conception  of  the  index  child,  there 
was  no  difference  between  case  and  control  mothers  in  the  matched 
pairs  or  in  the  pooled  groups.  From  matched  pairs,  5 of  125  case 
mothers  about  whom  information  was  known  and  5 of  126  control  mothers 
with  known  information,  and  from  mothers  of  pooled  cases^ 6 of  147,  as 
compared  to  5 of  147  mothers  of  pooled  controls,  reported  occupational 
x-ray  exposure.  With  regard  to  work  near  "other  radiation",  2 case 
mothers  (of  128  in  matched  pairs  and  of  149  in  pooled  groups )among 
the  mothers  with  known  history  reported  such  exposure,  but  there  was 
no  known  exposure  among  corresponding  mothers  of  controls. 

With  regard  to  responses  to  radar  and  radiation  questions,  there 
was  insufficient  evidence  of  any  definite  exposure  prior  to  conception 
of  the  index  child  to  make  any  inferences.  Among  the  matched  pairs, 

2 case  mothers  (1.67o)  and  no  control  mothers  reported  having  worked  with 
or  near  radiation.  Occupational  history  was  unknown  for  2 of  the  con- 
trol mothers.  Among  additional /"unmatched"  mothers,  one  control  mother  had 
an  unknown  history  of  exposure  and  no  case  mothers  reported  exposure. 

From  the  general  maternal  occupational  history  obtained  in  the 
Original  Series  initial  interview,  some  maternal  occupational  exposure 
was  suggested:  7.9%  of  case  mothers  and  3.3%  of  control  mothers  had 
worked  in  a professional  or  technical  capacity,  with  8 case  and  3 control 
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mothers  giving  actual  history  of  x-ray  and/or  fluoroscopic  exposures. 

Perusal  of  'nt^rview  responses  of  mothers  of  the  Current  Series 
regarding  their  occ.^  ■ -al  history  yielded  the  followingl  Among 
the  mothers  of  Current  Series  lK>v.m's  cases  providing  informative  responses, 
there  were  13  nurses  ami  nurses'  aides  (10  and  3 respectively) 
as  compared  to  7 nurses  and  3 medical  and/or  laboratory  technicians 
among  mothers  of  Current  Scries  controls.  Six  case  mothers  worked  at 
Bendix  and/or  Westinghouse  as  compared  to  5 control  mothers;  one  case 
mother  reported  military  service.  In  all,  20  case  mothers  and  15  control 
mothers  from  the  Current  Series  had  occupations  in  paramedical,  military, 
or  industrial  fields  that  might  have  involved  radiation  exposure. 

Taken  together,  it  is  estimated  that  in  the  Combined  Series, 

37  case  mothers  (20  from  Current  and  17  from  Original  Series)  and  22 
control  mothers  (15  from  Current  and  7 from  Original  Series)  had  worked 
in  medical  or  technical  occupations  and/or  indicated  x-ray  and/or 
fluoroscopic  exposures.  The  pattern  is  suggestive  and  interesting,  but 
no  attempt  at  further  validation  on  a retrospective  basis  was  considered 
feasible  for  mothers,  as  this  exposure  was  not  traceable  primarily  to 
any  one  industry,  place  of  employment  or  source,  but  rather  to  a wide 
range  of  private  employers,  including  physicians  and  some  short-term 
employment  sources.  It  was  clearly  unlike  the  situation  with  fathers, 
where  military  exposure  was  by  far  the  major  source,  making  a systematic 
search  of  government  records  a feasible,  although  enormous  undertaking. 
SPECIFIC  AIM  2. 

To  compare  parents  of  Down's  syndrome  cases  with  parents  of 
matched  controls  with  regard  to  medical  radiation  exposure  (diagnostic 
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and/or  therapeutic):  e.g.,  individual  x-ray  photographs,  fluoroscopic 

radiation;  ingestion  or  injection  of  radioactive  substances,  such  as 
131  32 

1,  P,  etc;  implantation  of  radon  seeds;  cobalt  radiation;  and  any 
other  diagnostic  or  therapeutic  procedures  involving  ionizing  radiation. 
Parental  Medical  Radiation.  Among  the  findings  of  particular  interest  in 
the  Original  Series  was  parental  exposure  to  radiation  prior  to  the 
conception  of  the  index  child.  The  exposure  of  Current  Series  mothers 
and  fathers,  respectively,  to  medical  radiation  is  summarized  in  Table 
MED-1 A for  the  period  prior  to  conception  of  the  index  child;  and  in 
Table  MED-1 B for  the  period  including  first  month  of  pregnancy  as  well 
as  definitely  prior  > conception.  In  contrast  to  the  Original  Series, 
which  showed  a significant  difference  in  the  percentage  of  case  and 
control  mothers  who  reported  having  no  medical  radiation  prior  to  the 
index  child’s  birth  (502,  vs.  59.97.),  there  appeared  to  be  no  difference 
in  the  Current  beries  between  the  percentage  of  case  and  control 
mothers  of  matched  pairs  reporting  "no  radiation"  of  any  type  prior  to 
conception  of  index  child  (64.57.  case  mothers  vs.  62.87.  control  mothers, 
p = .79).  That  the  percentage  reporting  diagnostic  radiation  is  exactly 
the  same  for  Current  Series  cases  and  controls  (197)  is  not  inconsistent 
with  the  lack  of  a case-control  difference  in  diagnostic  radiation  in 
the  Original  Series.  In  regard  to  other  types  of  radiation,  whereas  in 
the  Original  Series  case  mothers  had  significantly  increased  exposure  both 
to  fluoroscopy  and  to  therapeutic  radiation  prior  to  the  birth  of  the 
index  child,  the  pattern  was  not  consistent  in  the  Current  Series  and 
did  not  reach  statistical  significance  for  either.  More  Current  Series 
case  than  control  mothers  indicated  "therapeutic  radiation  only  (7.47  versus 
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3.37.);  and,  summing  over  the  pooled  categories  (i.e.,  therapeutic 
alone  or  with  either  or  both  diagnostic  and/or  fluoroscopic), 
the  apparent  difference  decreases  only  slightly  (9.1%  versus  5.87., 
p = .67,  still  NSD) . On  the  other  hand,  in  summed  categories  for 
fluoroscopy,  more  control  mothers  than  case  mothers  of  matched  pairs 
(13.2%  versus  8,3%,  p = .21,  NSD)  appear  to  have  had  such  exposure 
prior  to  conception  of  index  child.  Including  exposure  during  the 
first  month  of  pregnancy,  as  shown  in  Table  MED-IB  . the  patterns  are 
similar  to  those  for  "prior  to  pregnancy"  except  for  .luch  more  overall 
exposure  to  both  case  and  control  mothers,  thus  a decrees'!  in  those  report- 
ing none  and  an  increase  in  those  with  diagnostic  proceuures  only  and  in 
combination.  The  excess  of  case  mothers  reporting  therapeutic  radiation 
remained:  for  "therapeutic  only"  category  (5.6%  for  case  vs.  0.87,  for 

control  mothers  of  the  matched  pairs),  though  in  total  combinations  involv- 
ing therapeutic  radiation,  the  difference  did  not  increase. 

Thus,  while  the  Original  Series  showed  significantly  Increased 
medical  radiation  of  mothers  of  Down's  cases  prior  to  the  index  birth, 
with  most  of  the  exposure  difference  mainly  from  fluoroscopic  and  thera- 
peutic radiation  and  combinations  thereof,  the  findings  in  the  Current 
Series  are  much  less  clear.  Not  only  is  there  no  difference  between 
case  and  control  mothers  of  the  Current  Series  reporting  medical  radia- 
tion prior  to  conception  and  through  the  first  month  of  pregnancy,  but 
there  also  appears  to  be  a contrasting  pattern  in  therapeutic  and 
fluoroscopic  radiation,  i.e..  Current  Series  case  mothers  have  slightly, 
but  not  significantly  (p  = .67),  more  therapeutic  radiation  than 
control  mothers,  while  Current  Series  control  mothers  have  more 
fluoroscopic  radiation  than  case  mothers  (NSD).  Nor  does  it  appear 


that  the  difference  in  tabulation  base  between  the  Original  and  Current 
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Series  could  account  for  the  discrepancy  in  the  findings  for  the  two 


series;  i.e.,  the  Original  Series  computations  are  based  on  exposure 
prior  to  the  birth  of  the  index  child,  tlie  Current  Series  computations 
deal  with  exposure  prior  to  conception  and/or  during  the  first  month 
of  pregnancy. 

Tables  NED-2A  and  ME1)-2B  sumnuirize  maternal  and  paternal 
diagnostic  x-ray  exposures  by  site  of  exposure  for  Current  Series. 

Table  MED-2A  gives  the  distribution  by  site  for  x-rays  known  to  have 
occurred  prior  to  conception  of  index  child;  Table  NE1)-2B  gives  the 

I distribution  by  site  not  only  for  those  x-rays  known  to  have  been 

! definitely  prior,  but  also  includes  those  taken  during  the  year  of 

conception  (i.e,,  thus  including  those  \^dlich  may  have  occurred  prior 
to  conception  but  for  which  exact  dating  is  uncertain). 

!•  Table  MLD-2A  shows  a larger  percentage  of  control  than  case  mothers 

i 

I (pooled  and  matched  pairs)  with  x-rays  at  each  site  (except  chest-pooled), 

gallbladder,  kidney,  including  IVP,  stomach-intestinal-abdominal,  and  other 

I 

' organs.  A similar  pattern  appears  when  fathers  of  matched  cases  and  con- 

trols were  examined,  except  for  chest  x-rays.  Among  pooled  case  iind  con- 
trol fathers,  there  is  a slight  deviation  in  the  opposite  direction  for 

I most  sites,  but  none  of  the  differences  approach  statistical  significance, 

[ 

Table  MED-2B,  \^dlich  includes  the  extra,  less  specific  time  period 
(i.e.,  exposure  during  the  year  of  conception  as  well  as  prior  to  con- 
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ception^,  shows  a pattern  similar  to  the  tabulation  for  prior  only,  both 
tor  mothers  ot  matched  pairs  of  cases  and  controls  and  for  pooled  mothers. 
Otherwise,  the  tabulation  for  fathers  (matched  pairs  and  pooled)  for  the 
extended  time  period  yields  trends  similar  to  those  observed  in  the  tabu- 
lation limited  to  exposures  prior  to  conception  only,  including  the 
directional  differences  (particularly  for  pooled  fathers  with  case  fathers 
exceeding  control  fathers  in  frequency  of  chest  and  gall  bladder  radiation). 
As  none  of  these  "differences"  attain  statistical  significance,  the 
findings  may  be  spurious  and  no  causal  Inferences  can  be  made. 

Table  MED-JA  concerns  maternal  iluoroscopic  exposure  prior 
to  conception  of  the  index  child  and  Table  MED-3B  , the  "prior" 
period  plus  unspecified  times  during  the  pregnancy  year.  There  is  no 
evidence  of  any  greater  exposure  among  mothers  of  cases  as  compared  to 
mothers  of  controls;  and,  in  fact,  more  case  mothers  than  control 
mothers  report  no  chest,  abdominal,  or  other  fluoroscopic  exposures. 

The  pattern  is  almost  identical,  whether  tabulation  is  limited  to 
exposures  definitely  prior  to  conception  (Table  MED-3A)  or  wliether 
it  also  includes  the  year  of  pregnancy,  when  specific  date  is  unknt-'.m 
(Table  MFd)-3B). 

Table  MED-4  summarizes  maternal  therapeutic  radiation  for  Current 
Series  matched  pairs  by  site  of  exposure  (and/or  condition  involved)  and 
time  of  exposure  (prior  to  conception  of  index  child  and  after  the  birth 
of  the  index  child  respectively) . Reported  exposure  is  extremely  low 
both  for  the  entire  pericxi  prior  to  conception  and  afterward.  The  only 
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sito/coiKlit ion  involving  more  than  2 mothers  is  the  skin-warts-birthmark 


grouping,  for  which  6 case  mothers  and  5 control  mothers  received  therapeutic 
laUiation,  certainly  no  discernible  difference. 

Ta 5_A  _1_  and  _ii  qive.*^  mimber  of  fluoroscopic  sessions  prior  to 
corwej^t  ion  for  ra«v>  and  control  mothers  (matched  pairs  and  jxjoled)  by  maternal 
age  at  conception  of  index  child.  It  is  of  interest  that  a lower  fre- 
quency of  case  than  control  mothers  in  the  matched  pairs  (8.2%  vs.  15.0%) 
reported  any  fluoroscopy.  When  unmatchei^  cases  and  controls  were  included, 
the  number  of  case  and  control  mothers  was  almost  identical:  20  case 
motliers  as  compared  to  21  control  mothers  (14.1%  vs.  14.9%). 

Table  MEP-5B  provides  the  same  type  of  tabulation  prior  to  birth 
rather  than  prior  to  conception  of  the  index  child.  Still  the  pattern  is 
the  same,  a lower  frequency  for  case  than  control  mothers  of  matched  pairs 
(8.2%  vs.  17.1%)  and  also  for  pooled  (7.7%  vs.  16.7%). 

Radioactive  Substances  Ingested  or  Injected . 

From  the  interview  responses  to  questions  on  injected  radioactive 
materials,  neither  the  Current  Series  nor  Original  Series  yielded  any 
report  of  an  injection  of  radioactive  substances  prior  to  conception  of 
the  index  child  among  the  mothers  of  cases.  On  the  other  hand,  one 
mother  of  a Current  Series  matched  control  reported  having  an  injection 
of  a radioactive  material  prior  to  conception  of  index  child;  and  anotlior 
Current  Series  matched  control  mother  reported  having  an  injection  dur- 
ing the  year  of  pregnancy.  No  unknowns  were  recorded  on  interview 
among  Current  Series  case  motliers,  whereas  among  Current  Series  control 
mothers,  one  matched  control  and  one  additional  control  mother  were 
recorded  as  unknown.  In  the  Original  Series  one  matched  pair  case  mother 


d "Unmatched"  parents  refer  to  mothers  and  fathers  of  "additional"  and 
"questionable"  Down's  cases  and  "additional"  controls  idio  are  not  in 
any  of  the  matched  pairs.  "Pooled"  includes  "unmatched"  as  well  as 
members  of  matched  pairs.  . 


had  an  injection  of  a radioactive  substance  at  an  unknown  time,  seven 
case  mothers  (six  from  matched  pairs  and  one  mother  of  a questionable 
Down's  case)  were  recorded  as  "unknown"  for  radioactive  injections, 
and  two  control  mothers  were  listed  as  unknown. 

As  for  the  ingestion  of  radioactive  materials,  1 of  128  Current 
Series  case  mothers  and  2 of  128  Current  Series  control  mothers  from 
among  the  matched  pairs  reported  drinking  radioactive  materials  at  some 
time  prior  to  conception  of  the  index  child.  In  the  Original  Series, 

1 of  216  case  mothers  but  none  of  the  matched  control  mothers  reported 
ingesting  radioactive  materials  prior  to  the  birth  of  the  index.  However, 
after  the  index  birth,  four  case  mothers  and  four  control  mothers  reported 
having  drunk  radioactive  materials,  and  one  control  mother  did  so  at  an 
unknown  time.  Six  Original  Series  case  mothers  (5  from  matched  pairs 
and  one  mother  of  a questionable  Down's  case)  and  3 control  mothers  were 
listed  as  unknown  with  regard  to  ingestion  of  such  substances. 

Fathers : With  regard  to  radioactive  materials  injected,  one  con- 
trol father  and  no  case  fathers  in  the  Current  Series  matched  pairs  re- 
ported such  an  injection  prior  to  the  birth  of  the  index,  while  1 matched 
pair  case  father  and  1 "additional"  control  father  reported  an  injection 
after  the  index  birth  and  1 matched  control  father,  during  the  year  of 
the  index  birth.  In  the  Original  Series  1 case  father  had  an  injection  at 
an  unknown  time  and  no  control  fathers  reported  injections,  with  7 case 
fathers  and  2 control  fathers  of  that  series  recorded  as  unknown. 

Ingestion  of  radioactive  materials  prior  to  the  birth  of  the  index 
subject  was  reported  for  1 case  father  and  2 control  fathers  from  the 
Current  Series  matched  pairs,  and  1 case  father  but  no  control  fathers 
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from  the  Original  Series  matched  pairs:  thus  for  the  Combined  Series 
2 case  fathers  vs.  2 control  fathers.  Two  control  fathers  from  the 
Current  Series  matched  pairs  and  4 each  of  case  and  control  fathers 
from  Original  Series  matched  pairs  '^ad  drunk  radioactive  materials  at 
some  time  after  the  index  birth.  In  the  Coiobined  Series,  11  fathers  were 
recorded  as  unknown:  2 from  Current  Series  controls,  6 from  Original 
Series  cases  and  3 from  Original  Series  controls. 

It  is  thus  apparent  that  there  are  no  discernible  differences 
between  parents  of  cases  and  parents  of  controls  either  from  the  Current 
Series  or  the  Original  Series  as  to  injection  or  ingestion  of  radioactive 
substances;  and  that  total  reported  exposure  for  all  categories  is  extremely 
low.  Whether  these  observations  result  from  gross  underreporting 
(intentional,  or  due  to  lack  of  knowledge  of  medical  use  of  these  sub- 
stances, or  recall  failure)  or  whether  there  is  actually  a very  low 
level  of  exposure,  remains  to  be  determined. 

SPECIFIC  AIM  3 

To  compare  the  parents  of  Down's  cases  and  of  controls  with  regard 
to  other  factors  (socioeconomic  status,  religion,  menstrual  and  medical 
history,  marital  history,  etc.)  recognized  or  suspected  to  be  associated 
with  the  occurrence  of  Down's  syndrome  and  to  examine  the  possible  inter- 
action of  such  factors  with  radar  and  ionizing  radiation  exposure. 

In  an  attempt  to  delineate  clues  as  to  maternal  and/or  paternal 
factors  of  etiological  significance  in  Down's,  a number  of  sociobiological 
characteristics  were  excimined  in  the  Current  as  well  as  the  Original  Series. 
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There  also  seemed  to  be  relatively  more  craftsmen  among  case  than  control 


fathers  (34.1%  vs.  25.4%)  and  fewer  operatives  (15.1%  vs.  19.8%).  However, 
all  of  those  sliglit  deviations  are  within  the  reasonable  expectancy  of 
normal  variation. 

As  for  mothers'  occupations,  most  Current  Series  mothers  reported 
"none",  with  a tendency  toward  a slightly  larger  percentage  among  mothers 
of  cases:  62.5%  vs.  55.2%  for  matched  pairs;  62.0%  vs.  56.2%  for  pooled. 
There  appeared  to  bo  somewhat  fewer  operatives  (blue  collar  and  indus- 
trial worlters)  and  possibly  service  worlcers  among  mothers  of  cases  than  of 
controls  (Table  SO-1) . 

Occupations  considered  with  regard  to  possible  exposure  to  radia- 
tion (radar-microwave,  ionizing  radiation,  radioactive  substances,  etc.) 
have  been  discussed  above.  The  number  of  subjects  involved,  however,  is  so 
small  that  no  tabulations  are  presented  with  regard  to  types  of  occupations 
involving  exposures.  Responses  to  questions  concerning  paternal  worl< 
with  microwave,  radar  and  other  radiation  in  the  military  as  well  in 
civilian  occupations  are  tabulated  above  (See  R Series  Tables,  including 
Tables  RlO-15) . 

Religion  of  parents.  Another  social  parameter  of  interest  is 
religion.  In  the  Current  Series,  tabulation  of  religious  preference 
showed  the  patterns  for  parents  of  cases  and  controls  to  be  not  sig- 
nificantly different,  although  some  minor  variation  was  observed.  Among 
mothers  (Table  S-2),  none  of  the  control  motliers  and  only  1.3%-1.6%  of 
the  mothers  of  cases  reported  "no  religion".  A sliglitly  larger  proportion  of 
case  than  control  motliers  were  Roman  Catliolic  (53.1%  of  matched  pair 
and  51.3%  of  pooled  case  mothers  as  compared  to  46.9%  and  47.0%  respectively 
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of  control  mothers),  and  a slightly  smaller  proportion  of  case  tlian 


r 
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control  mothers  were  Jewish  (1.6'J.  and  1.3't  for  matched  and  pooled  cast' 
mothers  respectively  vs.  3.0%  and  3.4%  of  control  mothers),  ii\  contrast 
to  the  Original  Series,  where  there  was  a higher  frequency  of  Jewis>i 
as  well  as  Catholic  parents.  The  trends  were  similar  for  fathers 
(Table  S-2) , except  that  tlie  slight  variation  between  case  and  control 
mothers  was  even  loss  apparent  for  fatliers,  althouqli  the  directional 
patterns  were  tlie  same  for  case  versus  control  parents  in  reporting 
no  religion,  Roman  Catholic,  and  Jewish  affiliations.  Tlius,  the  sugqestt'd 
larger  proportion  of  Catholic  and  Jewish  mothers  and  fathers  of  cases  than  of 
controls  observed  in  the  Original  Series  was  not  confirmed  in  t)'e 
Current  Series.  While  the  Current  Series  did  liave  more  Catholic 
motliers  of  cases  than  of  controls,  the  difference  was  not  significant 
and  hardly  discernible  in  fathers;  the  trend  was  in  the  opposite  di  rect  ion 
for  Jewish  parents  of  cases  and  controls. 

Reproductive  (Pregnancy,  Obstetrical  and  Menstrual ) aiui  Marital 
Kxperieiice  of  Mothers  of  Cases  and  Controls.  The  reproductive  patterns 
and  marital  history  of  mothers  were  examined  in  some  detail  for  the 
Current  Series  - the  former,  investigated  because  of  the  contradictorv’ 
reports  in  the  literature  (46-77),  despite  tlie  lack  of  significance  in  the 
Original  Series;  the  latter,  because  of  marked  differences  noted  betvjeen 
case  and  control  mothers  in  the  Original  Series. 

Current  Series  maternal  marital  history  before  marriage  to  the 
father  of  index  child  is  given  in  Table  MR-1  for  matched  pairs  of 
cases  and  controls,  while  Table  MR-2  summarizes  total  maternal  marital 
history  irrespective  of  whether  before  or  after  the  index  birth.  rregn.incy 
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history  and  fetal  wastaqe  prior  to  atui  subsequent  to  the  index  birth  are 


i 


presented  in  Tables  MK-3  (Matched  Pairs)  and  MK~4  (Pooled  Groups) . Menstrual 
history  is  qiven  in  Table  MR-5. 

T)ie  marital  liistory  of  imit)iers  of  cases  and  controls  is  of  interest 
since  the  Oriqinal  Series  sliowed  ttiat  a s iciii  f icant  ly  hiqlier  percentaqe  of 
case  mothers  had  In'en  itvirried  more  tlia:*  once.  Table  MR-1  summarizes 
for  tlie  Current  Serits  t lu*  nuiri*.il  liistory  prior  to  the  father  of  the 
index  for  mothers  of  cases  and  of  cont rol s^ tabulated  by  maternal  radia- 
tion ex)iosure  prior  to  conception  and/or  durinq  the  first  month  of  pregnancy. 
Radiation  was  unknown  tor  i oast'  and  J control  mothers  among  the  128 
matched  pairs.  Ot  the  total  128  case  and  128  control  mothers^ 

20  case  mothers  (15. 8%)  and  17  control  mothers  (13. 3t)  had  been  married 
more  than  once  prior  to  their  marriage  to  the  father  of  the  index  child 
(not  significantly  different).  In  view  of  the  association  of  Down's 
with  maternal  medical  radiation  exposure  observed  in  the  Oriqinal  Series, 
it  appeared  desirable  to  examine  the  maternal  marital  history,  con- 
trolling on  radiation  in  that  Series,  (.consequently,  this  was  also  done 
in  the  Current  Series  for  comparison  purposes.  Among  those  mothers 
reporting  any  type  of  medical  rad’ation,  a larger  percentage  of  mothers 
of  controls  (14.5%)  than  of  cases  (11%)  had  been  married  prior  to  marriage 
to  the  father  of  the  index  child.  Moreover,  it  is  of  interest  that  (1) 
this  difference  derived  primarily  from  mothers  who  liad  diagnostic 
x-ray  rathtr  than  fluoroscopic  or  therapeutic  procedures,  which  involve 
higher  dos.jges  and  (2)  that  the  only  hint  of  an  excess  of  multiple 
nvirriages  among  case  mothers  did  not  appear  in  those  with  radiation 
exposure,  but  rather  in  those  reporting  a negative  radiation  history 
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(20.9'k  case  vs.  11.9%  control  mothers  with  multiple  nuirriuges  prior  to 
ituiox  child,  p = .26,  NSD) . Thus,  in  the  Current  Series  there  was  not 

a significant  excess  of  multiple  marriages  prior  to  the  birth  of  the  j 

index  child  among  mothers  of  Down's  cases;  and,  whatever  deviations 

did  appear  were  not  positively  correlated  witli  maternal  radiation  exposure 

prior  to  conception  of  the  Down's  case.  Finally,  considering  total 

marital  history  and  disregarding  relationship  to  time  of  index  birth,  , 

I 

(Table  MR-2) , 19  control  mothers  as  compared  to  20  case  mothers  had  mul- 
tiple marriages,  i.e.,  clearly  no  difference  in  marital  history  of  case 
and  control  mothers,  prior  to  the  index  child  or  at  any  period. 

As  for  pregnancy  history  and  wastage,  in  the  Current  Series  matched 
pairs  (Table  MR-3)  and  pooled  groups  (Table  MR-4) , there  was  a suggestion 
of  some  deviations  not  found  in  the  Original  Series.  Mothers  of  IXiwn's 
cases  had  fewer  pregnancies  prior  to  the  birth  of  the  index  eliild  tlian 
mothers  of  matched  controls  (.164  vs.  41H  pregnancies,  p .066).  There 
also  appeared  to  be  a slightly  higher  rate  of  fetal  loss  prior  to  the 

1 

birth  of  the  index  child,  (16.2%  vs.  14.8%,  p = .67,  NSD).  The  diflerence 
in  fetal  loss  seemed  even  more  marked  after  thi  birth  of  tlie  index  cliild, 

■ when  case  mothers  appeared  to  have  sligtitly  more  pregnancies  tlian  con- 

trol mothers  (68  vs.  51  in  matched  pairs);  the  fetal  loss  rates  in  case 
mothers  being  almost  double  that  in  control  motliers,  altliough  not 
reaching  statistical  significance  (32.8%  vs.  17.6%,  p ='>.10).  Tn  tlie 
Original  Series  the  total  pregnancies  ot  motfiers  of  I\iwn ' s cases  deviated 
slightly  in  the  opposite  direction  f ror’  the  pattern  shown  in  the  Current 
Series  both  prior  and  subsequent  to  tlte  index  child,  without  any  excess 
of  fetal  loss  subsequent  to  the  index  birth.  Tlie  possibility  that  the 
seemingly  high  rate  of  fetal  wastage  following  the  birth  of  the  Down's 
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case  in  the  Current  Series  might  be  an  artifact  must  be  considered,  i.e., 
resulting  from  induced  abortions  which  were  less  likely  to  have  occurred 
and/or  be  reported  in  the  earlier  period.  It,  therefore,  seemed  possible 
that  the  excess  of  fetal  loss  in  case  mothers  following  the  index  child 
is  not  of  etiological  significance,  especially  in  view  of  the  absence  of 
any  such  difference  prior  to  the  index  birth.  Combining  the  findings  on 
matched  pairs  of  the  Original  and  Current  Series  tended  to  count eib.i  Kinee 
any  minor  case-control  deviations  that  were  suggested  when  the  two  series 
were  examined  separately.  No  real  differences  remained  between  case  and 
control  mothers  other  than  a slightly  smaller  number  of  pregnancies  prior 
to  the  index  child  among  case  mothers.  The  pattern  in  pooled  case 
and  control  mothers  (Table  MR-4)  was  similar  to  that  observed  in  the  matched 
pairs. 

The  menstrual  history  of  mothers  from  the  matched  pairs  of  the 
Current  Series  is  given  in  Table  MR-5.  As  in  the  Original  Series,  the 
mothers  of  cases  and  controls  were  strikingly  similar  in  ago  at  menarche, 
duration  of  and  intervals  between  periois,  as  well  as  regularity  of 
menstrual  periods.  While  mothers  of  Down's  children  reported  a very 
similar  mean  age  at  menopause,  of  those  in  menopause,  slightly  fewer 
case  than  control  mothers  indicated  operative  menopause-  As  well  over  S5% 
of  mothers  were  still  menstruating  at  the  time  of  interview.  it  is  certainly 
not  realistic  to  speculate  as  to  the  possibility  of  differences  with  such 
a markedly  truncated  distribution. 

In  all,  case  and  control  mothers  wen-  not  ti'markably  different  in 
their  menstrual  and  reproductive  history.  Although  somt*  of  the  deviations 
attained  borderline  significance,  many  may  !>■  -putious  or  artifactual 
(e.g.,  increased  abortions  subsequent  to  Down's  c.ises) . Where  patterns 
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in  the  Original  and  Current  Series  do  not  show  similar  deviations 
(number  of  pregnancies  prior  to  index  pregnancy;  maternal  age  distribution 
during  prior  pregnancies,  marital  history),  caution  is  needed  in  interpre- 
tation to  avoid  overspeculation. 

Medical  History:  In  addition  to  maternal  menstrual  and  reproductive 
(fertility,  obstetrical,  etc.)  factors  suggested  by  a number  of  investigators 
as  possible  correlates  of  Down's,  most  prominent  among  factors  in 
medical  history  considered  as  possible  putative  agents  have  been  maternal 
thyroid  disorders  (77-89,  71,  75).  Interview  information,  indicating 
possible  thyroid  dysfunction  and  aberrancies, was  examined  and  is  summc.rized 
in  Table  T-1,  which  is  limited  to  thyroid  history  prior  to  conception 
of  the  index  child,  and  Table  T-2,  which  includes  the  year  of  conception 
as  well  as  the  period  definitely  prior  to  conception.  The  mothers 
of  Down's  cases  and  controls  were  strikingly  similar  in  regard  to  all 
evidence  of  thyroid  problems.  No  mothers  of  either  cases  or  controls 
from  matched  pairs  of  the  Current  Series  reported  having  thyroid 
surgery  prior  to  conception  of  the  index.  While  the  same  number  of 
Current  Series  case  and  control  mothers  from  matched  pairs  reported 
having  taken  thyroid  medication  (10  of  128) , only  2 of  128  case 
mothers  and  5 of  128  control  mothers  reported  thyroid  treatment - 
Only  one  of  the  128  case  mothers  and  2 of  the  matched  control  mothers 
reported  having  thyroid  tests.  The  same  pattern  appeared  in  Table  T-2. 

While  the  Original  Series  had  not  revealed  any  differences 
between  case  and  control  mothers  in  medical  history,  the  published 
literature  has  suggested  an  association  of  not  only  thyroid  aberrancy 
but  also  other  maternal  medical  conditions  witli  Down's  syndrome. 

(See  Tab 1 e 1 ) . Therefore,  the  interview  responses  of  mothers  were 
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examined  not  only  as  to  evidence  of  thyroid  conditions  (thyroid 


disease,  thyroid  medication,  diagnostic  and  therapeutic  thyroid  x- 
irradiation,  and  I ingestion)  but  also  pofiitive  replies  concerning 
diseases  of  the  adrenals,  liver,  or  kidneys;  hypertension;  rheumatic 
heart  disease;  diabetes;  tuberculosis;  leukemia;  anemia;  cancer  of  any 


type;  non-malignant  tumors?  convulsive  disorders,  epilepsy;  hearing 
or  visual  defects;  and  infectious  and/or  childhood  diseases  such  as 

j 

chicken  pox,  mumps,  poliomyelitis,  etc.  (Tables  MH-1  through  MH-15)  . There 
was  a low  rate  of  positive  responses  for  all  but  childhood  diseases.  No 
discernible  differences  between  case  and  control  mothers  appeared,  except  for 
nephritis  (7.8‘/o,  10/128  case  mothers  vs.  3.9%,  5/128  control  mothers) 
and  for  anemia  and  other  blood  disorders  (20.3%,  26/128  vs.  13.3'%,  17/128). 
While  these  few  differences  could  have  occurred  by  chance, especially 
considering  a large  number  of  conditions,  they  are,  nevertheless, 
worthy  of  further  investigation  in  other  series. 

SPECIFIC  AIM  4 

To  examine  the  chromosomes  of  the  fathers  with  a history  of 
exposure  to  radar  and  unexposed  fathers  of  children  matched  to  them,  and 
to  compare  findings.^ 

© 

Chromosome  Studies.  Chromosome  studies  were  carried  out  on 
radar  exposed  fathers  and  the  unexposed  fathers  matched  to  them. 

"Matching",  as  for  the  study  of  parental  factors  in  the  Original  and 
Current  Series,  refers  to  matching  the  index  child  by  hospital  of 
birth,  sex,  race,  maternal  age,  and  date  of  birth.  Note,  however, 
that  the  matched  pairs  for  comparison  here  were  not  necessarily  fathers 
of  Down's  versus  fathers  of  controls,  but  rather  radar-microwave  exposed 
fathers  versus  unexpo a ed  fathers  of  matched  children,  irrespective  of  whether 


©As  noted  above,  effects  observed  in  paternal  peripheral  blood  are  being 
used  as  an  indirect  indicator  of  likelihood  of  microwave  associated 
effects  on  chromosomes  of  the  germ  cells  as  well  as  somatic  cells. 
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the  child  was  case,  control,  or  "new  match" 


The  different  sources  of 


r 


matched  pairs  are  listed  in  Figure  1 and  Table  CS-1 , with  the  numbers 
of  subjects  in  each  combination  given  in  the  latter.  Fifty-five  matched 
pairs  composed  of  definitely  radar  exposed  and  unexposed  fathers,  7 pairs 
of  fathers  who  had  worked  near  radar  and  their  unexposed  controls, 
and  38  unmatched  exposed,  near  exposed,  and  unexposed,  fathers  comprise 
a total  of  162  fathers  for  chromosome  study  (Table  CS-1) . 

The  chromosome  findings  were  classified  into  4 groups  - A,  B, 

C , and  D : 

A group  includes  long  #2  chromosomes,  long  short  arm  on  G chromo- 
some, secondary  constriction  #1  or  uncoiled  #1,  secondary 
constriction  #9,  fragile  #16,  prominent  satellite  on  D,  etc., 
i.e.,  cytological  abnormalities  likely  of  heritable  type. 

B group  includes  quadrxradials,  endoredupl ication,  fragmented 
chromosome (s) , dicentric (s) , double  chromatid  breaks,  iso- 
chromatid breaks,  strands  betweejj  chromosomes,  and  other 
abnormalities  which  may  be  due  to  mutagens  or  unknown  cause. 

C group  includes  gaps,  single  chromatid  breaks,  and  various 
abnormalities  which  may  be  due  to  technical  error  and/or 
have  occurred  in  the  previous  72  hours. 

D group  indicates  "normality",  i.e.,  no  detected  abnormalities, 
deviations,  or  aberrancies  of  karyotype  such  as  those  of  A, 

B,  or  C type. 

Illustrations  of  some  of  the  types  of  chromosome  aberrancy 
observed  in  the  fathers  studied  are  shown  in  the  composite  photomicrographs 
of  Figure  2 and  in  Figure  3,  endoredupl ication. 

Table  CS-2  summarizes  the  chromosome  findings  not  only  on  exposed 

fathers  and  fathers  "near"  exposure  as  compared  to  the  unexposed  fathers 

matched  to  them,  but  also  on  unmatched  exposed  and 
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unexposcd  fathers  studied.  The  distributions  of  mutually  exclusive 

individual  and  combination  categories  are  given  In  Table  CS-2A:  "B" 
meaning  only  "B"  type  deviations;  AB,  BC,  ABC  indicating  B with  A, 
with  C,  and  with  both,  respectively,  etc.  Table  CS-2B  presents  var- 
ious sunmary  overlapping  (not  mutually  exclusive)  categories.  For 
example,  "any  B"  includes  B only,  AB,  BC,  and  ABC,  thus  B occurring 
alone  or  In  conLlnation  with  any  other  deviation.  Although  there  are  no 
striking  differences  between  exposed  and  unexposed  fathers,  there  are 
some  findings  of  interest  and  some  consistent,  though  not  all  statistically 
significant,  trends.  In  the  55  pairs  of  exposed  and  unexposed  fathers, 
fewer  of  the  exposed  fathers  were  found  to  be  without  any  detectable 
chromosome  deviations:  22/55  (40.07.)  exposed  vs.  25/54  (46.37.)  unexposed 
fathers,  p = .64.  Including  unmatched  fathers,  the  frequencies  were 
39.  17.  (27/69)  of  the  exposed  vs,  48.47.  (31/64)  unexposed;  differences 
still  appear  but  are  still  not  significant  (p  = .63).  For  those  "near" 
exposure,  42.97.  (3/7)  were  classified  in  the  D group  (normal)  versus 
71.47.  (5/7)  of  their  unexposed  matches  so  classified  (p  = .60).  Thus, 

40.97.  (36  / 88)  of  fathers  with  definite  or  possible  exposure  vs.  50.77. 
(36/71)  of  unexposed  fathers  had  negative  chromosomal  findings  (p  = .28). 

The  most  notex«5rthy  difference  was  observed  in  type  "C"  abnor- 
malities. For  aberrancies  in  the  "C  only"  category  (although  not 
statistically  significant),  there  was  almost  a two-fold  difference 
between  the  exposed  fathers  and  their  unexposcd  matches:  207.  (11/55)  as 
compared  to  11.17.  (6/54)  (p  = .31).  With  "near  exposure"  matched 

pairs  Included,  the  frequencies  of  the  exposed  were  greater  than  twice 
the  une.rposed:  22,67.  (14/62)  versus  9. S'/.,  (6/61),  (p  = .09). 


Limiting  comparisons  to  definitely  exposed  matched  and  vinmatched  fathers 
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only  (excluding  "near  radar"  groups),  the  difference  was  only  slightly 
reduced  (18.8"4  vs.  12.57o,  p = .55),  and  with  all  exposed  matched  and 
unmatched  groups,  including  all  degrees  of  exposure,  the  difference 
(20.5%  vs.  11.37.)  is  similar  to  that  for  the  matched  pairs  of  exposed 
versus  unexposed  fathers  (p  = .20). 

When  all  C type  aberrancies  are  considered,  irrespective  of 
whether  A or  B types  occur  also,  significantly  more  of  exposed  matched 
pair  fathers  (including  both  definitely  "exposed"  and  "near  exposure" 
in  the  exposed  class)  tlian  their  iinexposed  matclies  showed  chromosomal 
defects:  40.3‘X.  (25/62)  of  the  exposed  fathers  versus  21.37,  (13/61)  of 

the  unexposed  fathers  matched  to  them,  p = .04,  or  compared  to  all 
unexposed  fathers,  21.17,  (15/70  of  whom  had  C aberrancies,  p = .03. 

The  differences,  though  still  marked  in  absolute  values,  did  not  reach 
statistical  significance  when  "near  exposure"  categories  were  omitted. 
Considering  only  matched  pairs,  38.27,  (21/55)  of  exposed  fathers  versus 
only  24.17.  (13/54)  of  unexposed  fathers  showed  the  "defect"  (p  = .16); 
including  unmatched  fathers,  still  over  1/3  of  the  exposed  (34.87.,  24/69) 
vs.  less  than  1/4  of  the  unexposed  fathers  (23.47.,  15/64),  p = .21,  or 
compared  to  all  unexposed,  2l.l7o  (15/71),  p = .11,  had  the  aberrancy 
detected . 

Moreover,  when  considering  A and/or  C combinations,  pooled  exposed 
and"near  exposure" fathers  from  matched  pairs  had  a significantly  higher 
rate  of  defects  than  pooled  unexposed  (43.57,  vs.  22.57-,  p = '..03); 
including  unmatched  fathers  as  well  as  all  types  of  exposure,  39.87.  exposed 
vs.  22.5%  unexposed  fathers  showed  these  defects  (p  = '..03).  Clearly, 
significant  differences  noted  here  derived  largely  from  differences  in 
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the  frequency  of  C type  aberrancies  in  exposed  as  compared  to  unexposed 
fathers,  even  though  the  differences  in  the  "C  only"  category  did  not 
reach  the  .05  level  of  significance.  These  observations  thus  raise 
the  question  whether  chromosome  fragility  or  other  effects  of  radar 
exposure  are  involved,  or  whether  the  observed  C type  deviations  are, 
in  fact,  due  entirely  to  technical  error  or  artifacts. 

As  for  B abnormalities,  clearly  the  matched  pairs  did  not  show 
any  differences  in  "B  only"  or  "any  B" . On  the  other  hand,  wli on  various 
combinations  of  any  two  abnormalities  (AB,  AC,  or  BC)  were  examined, 
the  exposed  fathers  showed  a higher  frequency  than  the  corresponding 
unexposed,  except  for  BC  in  exposed  unmatched  fathers.  Furthermore, 
the  combination  of  all  3 types  of  aberrancies  (ABC)  appeared  to  be 
more  frequent  in  exposed  than  unexposed  fathers,  although  the  numbers 
were  extremely  small. 

When  pooling  all  types  of  deviations  (A  and/or  B and/or  C),  exposed 
fathers  did  appear  to  show  higher  frequencies  not  only  in  the  matched 
pairs  (60.0%  of  exposed  fathers  versus  53.7%),  but  also  \>dien  unmatched 
fathers  are  examined  separately  (64.3%  vs.  40.0%)  or  pooled  with  the 
matched  (42/69,  60,9%,  vs.  33/64,  51.6%).  Moreover,  even  when  the  near 
exposure  matched  groups  are  considered  separately  (57.1%.  vs.  28.6%,),  or 
when  all  exposure  groups  - matched  and  unmatched,  definite  and  near  - 
are  pooled  (52/88  = 59.1%)  and  compared  to  all  unexposed  subcategories 
(35/71  = 49.3%),  more  exposed  fathers  than  unexposed  fathers  showed  one 
or  more  deviations. 

Tabulations  of  detailed  findings  on  chromosome  studies  are  given 
in  Tables  CS-3  - CS-8.  Among  the  162  fathers  whose  chromosomes  were 
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studied,  3 had  cultures  that  failed  to  grow.  All  these  failures  occurred 


;imong  unexposed  fathers;  one  unexposed  matched  to  an  exposed  father;  two 
others,  unmatched  unexposed  fathers. 

Chromosomal  variants  classified  in  the  A Category  are  given  in 
Table  CS-3:  hong  #2's.  Fragile  #16,  Long  Short  Arm  C,  Secondary  Con- 
striction of  #1  or  Uncoiled  #1,  Secondary  Constriction  ■■4,  and  Prominent 
D Satellite.  Considered  by  individual  type  of  chromosome  variation, 
the  mmibers  of  deviants  are  very  small. 

Long  #2  chromosomes:  Two  fathers  had  long  #2  chromosomes.  It 
is  of  interest  that  both  fathers  with  this  variant  were  exposed  fathers 
from  the  matched  pairs. 

Fragile  #16:  T\jo  fathers  showed  fragile  #16  chromosomes,  one 
exposed  unmatched  father  and  one  unexposed  father  matched  to  an  exposed 
father. 

Long  short  arm  G:  The  only  father  with  a long  short  arm  G was 
an  exposed  father  from  one  of  the  matched  pairs.  This  aberrancy  appeared 
to  occur  in  all  cells  insofar  as  could  be  determined. 

Secondary  Constriction  #l/Uncoiled  #1 : Two  fathers,  both  exposed 
members  from  matched  pairs,  had  a secondary  constriction  on  chromosome 
#1  or  an  uncoiled  #1.  This  appeared  to  occur  in  all  cultured  cells 
in  one  of  these  fathers  but  was  observed  in  only  one  of  the  tvA'i  success- 
ful cultures  obtained  on  the  other  father. 

Secondary  constriction  on  #9:  Chily  1 father  (an  exposed  from  a 
matched  pair)  had  a secondary  constriction  on  #9.  This  was  found  in 
more  than  one  cell  but  not  discernible  in  all  cells  oxiimined. 

Prominent  D satellite:  T\w  fathers  had  prominent  D satellites 
and  these  were  detectable  in  all  successful  cultures.  While  one  father 
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was  an  exposed  member  of  one  of  tlie  matched  pairs,  the  other  was  an  unexposed 
member  of  a matched  pair. 

The  distributions  of  Type  ^ abnormalities  are  given  in  Tables 
CS-4  and  CS-5.  Except  for  fragmented  chromosomes  and  endoreduplication, 
the  numbers  in  individual  categories  are  small. 

Strands  between  chromosomes:  One  exposed  father  from  a matched 
pair  had  strands  between  chromosomes.  This  abnormality,  classified  as 
a B type,  was  presumed  to  be  present  in  all  successful  cultures,  although 
not  always  visible. 

Quadriradials : Two  fathers  had  quadriradials : One  father,  an 
exposed  member  of  one  of  the  matched  pairs,  had  the  quadriradial  in 
only  one  cell  of  any  culture;  the  other  father,  an  unexposed  father 
from  a matched  pair,  had  the  quadriradial  in  successful  cultures  in 
one  cell  only,  also. 

Dicentrics : Five  fathers  had  dicentrics.  Two  exposed  fathers 

from  matched  pairs  and  one  exposed  unmatched  father  had  the  dicentrics 
in  only  1 cell  of  any  1 culture.  Two  fathers  (unexposed  members  of 
matched  pairs)  had  dicentrics  in  one  cell  only  in  all  successful 
cultures  done. 

Fragmented  chromosomes:  Twenty-seven  fathers  had  fragmented 
chromosomes.  Three  exposed  fathers  (2  from  matched  pairs  and  1 unmatched  I 
had  the  fragmented  chromosomes  in  more  than  1 cell,  but  not  all  colls, 
in  all  successful  cultures.  Twenty-two  fathers  (3  exposed  fathers  from 
matched  pairs,  5 unmatched  exposed  fathers,  and  2 unmatched  near  exposed 
as  well  as  11  unexposed  matched  fathers  and  1 unexposed  unmatched, 
respectively)  had  them  in  only  one  cell  of  their  cultures,  but  in  all 
successful  cultures  done.  Two  fathers  (one  an  exposed  unmatched  father 
and  one  an  unexposed  father  from  a matched  pair)  had  fragmented  chromo- 
somes found  in  only  1 cell  of  any  culture. 
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Double  cbromatKl  breaks:  The  distribution  oi  17  fatlicrs  wi  tli  double 


cliromatid  breaks  is  also  shown  in  Table  CS-4.  Three  fathers  had  double 

cliromatid  breaks  in  more  tlian  I cell:  2 exposed  fathers  and  1 unexposed  , 

father  from  matched  pairs.  Thirteen  fathers  had  this  abnormality  in  1 j 

1 

cell  only  per  culture  but  in  all  successful  cultures:  5 exposed  fathers  | 

and  1 near  exposed  father  from  matched  pairs,  and  3 near  exposed 
unmatched,  as  well  as  4 unexposed  matched  pair  fathers.  One  exposed 

matched  pair  father  had  this  defect  in  only  1 cell  of  1 culture. 

Isochromatid  breaks:  One  matched  pair  father  who  had  been  near 

exposure  showed  an  isoch’omatid  break  in  one  cell  of  his  successful 

culture  (s'). 

Kndoredup I icat i on : Table  gives  the  distribution  of  22  fathers 

whose  chromosomes  showed  endoredup 1 i cat  ion.  Two  matched  pair  fathers  (one 
exposed  and  one  unexposed)  showetl  endoredup  1 ic^it  i on  in  more  than  one  cell, 
although  not  in  all  cells,  in  all  successful  cultures.  Nineteen  fathers 

■ 

showed  endoredup 1 icat i on  in  1 cell  only,  but  in  all  successful  cultures: 
b exposed  and  10  unexposed  fathers  from  matched  pairs,  as  well  as  1 unmatchetl 

i 

exposed,  I unmatched  near  exposed,  ami  1 unmatched  unexi^osed  father.  One 
exposed  matched  pair  father  fri>m  a matched  pair  had  endoredup 1 icat i on  in 
only  1 cell  but  not  in  all  cultures. 

Chromosome  findings  showing  C type  deviants,  gaps  and  single 
chrmnatid  breaks,  are  tabulated  in  Table  CS-6  . 

Caps:  Table  C.S-6  gives  the  distribution  of  33  fathers  with  chro- 
mosomal gaps.  There  were  6 fathers  with  more  than  1 cell  shovjing  gaps 

; 

in  all  successful  cultures:  2 exposed  matched  and  1 near  eximsed  matclunl 
as  well  as  3 unexposed  matched  fathers.  Among  the  27  fathers  with  gaps 
in  all  successful  cultures  but  in  I cell  only  ^ 14  were  exposed  fathers 
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fri'iii  matched  pairs  ami  S near  exposure  from  matched  pairs,  I an  vinmatched 
exposeit  fatlier  and  J unmatched  fathers  near  exposure  as  well  as  6 unexposeil 
fiithers  Irom  tlu'  matched  piiirs  and  1 unexposeil  unmatcheil  father.  'IVo 
other  fathers  showed  naps  in  at  least  one  cell;  one  exposed  matched 
father  tiiiil  one  unexposed  matched  f^lthel■. 

Sinnle  chromatid  breaks:  Table  CS-i'  also  gives  the  il  i str  i hut  ion 
of  23  fiithers  with  single  chroimitid  breaks.  Three  fathers,  2 exposeil 
anil  I unexposed  from  the  matched  piiirs,  had  single  chromatid  breaks 
in  more  tluin  I cell.  i>f  the  1 ‘)  who  had  them  in  ii  I 1 successful  cultures 
but  in  I cell  only,  there  were  7 exposed,  I nciir  exposed,  and  S 
unexposed  tiithers  from  matched  pairs,  as  well  as  2 exposed,  2 near 
exposed,  and  2 unexposed  fathers  who  were  unimitched.  In  addition,  1 
unexposeil  father  from  a matched  pair  luid  I cell  only  with  a single 
chi'omiitiil  break. 

In  addition  to  these  detaileil  il  i st  r i but  u>n..  I't  types  of  ileviants 
tabulated  on  the  basis  of  individual  lathers,  distributions  were  also 
exiuiiineil  on  the  basis  ol  number  ot  deviant  cells  tor  lathers  with 
difterent  types  of  exposure  and  matching  status. 

Ttible  CS-7  gives  the  il  i str  ibut  ion  ol  number  ol  abnormal  cells 
per  father  by  exposure  and  matching  status  of  father.  It  is  of  interest 
that,  ol  b fathers  with  abnonua 1 i t ies  in  all  cells,  3 were  exposed, and  1, 
an  unexposed  father  from  a matched  pair. 

Table  CS-8  gives  the  distribution  of  chromosome  lindings  iA,  li,  C and  0 
types,  and  combinations  thereof)  by  specimen  sec|uence,  paternal  exposure  - 
matching  status, and  category  of  deviant.  Table  11S-8A  presents  findings 
on  fathers  in  matched  pairs  involving  129  successful  cultures:  97  first 
specimens,  23  second  specimens,  3 third  specimens,  3 fourth  specimens. 


and  1 fifth  specimen.  Table  dS-Hb  presents  findings  on  38  successful  cul 

tures  from  uimiatchad  fathers;  29  first  ^ second,  and  3 third  specimens 
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In  overview,  with  regard  to  the  chromosome  studies  of  exposed  and 


unexposed  fathers,  there  appear  to  be  more  detectable  deviations  from 

''normality"  in  the  chromosomes  of  fathers  with  a history  of  radar  and/or 

microwave  exposure  than  in  fathers  with  no  known  exposure,  and  this 

difference  between  exposed  and  unexposed  fathers  derives  primarily  from 

"C  type"  defects.  With  the  large  number  of  comparisons  examined  and 

the  small  sample  size,  the  observed  differences  might  very  possibly  be 

spurious.  On  the  other  hand,  despite  the  small  numbers  in  subcategories 

and  difficulty  in  interpretation  of  types  of  deviations  in  terms  of 

abnormality,  these  findings  are  of  interest  and  deserve  further  study. 

As  the  blood  samples  were  coded  to  avoid  any  identification  in  the 

laboratory  of  exposure  status,  these  differences  cannot  be  attributed 

to  conscious  or  unconscious  observer  bias. 

The  above  (pages  37-83  ) presents  the  findings  derived  from 

extending  the  scope  of  the  investigation  of  "Parental  Radiation  and 
Down's  Syndrome  (Mongolism)",  and  examination  of  the  data  pertinent 
to  the  4 SPECIFIC  AIMS  cited.  These  are  summarized  and  their  implica- 
tions considered  in  the  Discussion  section  below. 

ITEMIZED  TASKS  UNDER  SCOPE  OF  WORK 
With  regard  to  the  specific  items  included  in  the  project  plan  as 
indicated  in  the  Contractor's  Proposal  each  has  been  carried  out  and 
completed.  Delineated  by  item  proposed,  they  are  as  follows: 

"ORIGINAL  SERIES 

I.  To  locate  the  fathers  of  cases  and  controls  in  the  original 
January  1,  1946  to  October  1,  1962  series  and  bring  their  records 
up  to  date,  obtaining  more  detailed  information  on  military 
service  and  radar  exposure  as  well  as  their  experience  since 
our  last  contact." 


0 See  Appendix  A for  copy  of  Contractor's  Proposals.  Items  here  dis- 
cussed are  found  on  pp.  11-12,  of  b.  Contractor's  Proposal  for 
Extension  of  Current  Study,  Winter  1969-70  extension. 


An  attempt  was  made  to  contact  the  families  of  all  216  matched 


pairs  of  cases  and  controls  (432  families)  to  obtain  follow-up  interview 

on  military  service,  radar  exposure,  etc.  Tills  effort  was  completed 

after  extensive  tracing,  and  as  indicated  in  Table  MS-1,  information 

was  obtained  on  all  except  5 of  the  216  fathers  of  cases  and  all  except 

2 of  the  216  fathers  of  matched  controls  of  the  Original  Series. 

"II.  To  obtain  from  the  radar  exposed  fathers  of  cases  and 
controls  and  the  unexposed  fathers  matched  to  the  radar  exposed 
subjects  blood  samples  for  chromosome  studies  and  to  carry  out  com' 
plete  chromosome  analysis  on  these  fathers  in  the  Original 
Series." 

After  radar  exposure  status  was  determined  by  interview  and/or 
record  search,  "exposed"  fathers  were  contacted,  blood  specimens  obtained, 
and  chromosome  analysis  carried  out.  As  indicated  in  Table  CS- 1 , 32 
exposed  Original  Series  fathers  (29  who  became  members  of  matched  pairs 
and  3 who  remained  unmatched  with  an  unexposed  father)  and  12  Original 
Series  fathers  reported  to  have  been  "near  radar  exposure"  were  in  the 
final  chromosome  study  group,  in  addition  to  21  unexposed  matches 
identified  from  the  Original  Series  and  35  new  matclies  obtained  for 
that  series,  providing  56  more  fathers  in  those  various  categories: 
a total  of  100  fathers  from  the  Original  Series  per  se  or  involving  new 
matches  to  that  series. 

"CURRENT  SERIES 

III.  To  identify  and  trace  parents  of  children  with  Povrm's 
syndrome  born  in  the  Baltimore  area  from  October  1,  1962  to 
January  1,  1969  as  well  as  from  January  1,  1945  to  Pecember 
31,  1945  and; 

A.  Verify  diagnoses." 


As  discussed  above (in  the  section  on  Method),  the  procedure 

for  identification  and  tracing  of  parents  was  similar  to  that  followed 

(2-5) 

in  the  Original  Series  , the  initiation  point  being  the  identifica- 

tion of  the  index  child  (see  above  p.22  and  ff)  followed  by  verification 
of  diagnosis.  The  procedure  for  index  case  documentation,  including 


search  of  hospital  records,  birth  certificates,  etc., 
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is  discussed  above 


I 

(pp.  25-28)  and  in  Appendix  C-1.  For  the  Current  Series,  150  Down's  cases 

were  thus  finally  identified,  of  whom  128  meeting  all  the  criteria 

became  members  of  matched  pairs,  22  others  were  unmatchtd  but  included 

in  the  pooled  series:  13  carried  as  additional  cases  although  unmatched 

and  9 not  meeting  all  the  requisites  for  inclusion  also  carried  in  the 

pooled  series  only  and  unmatched.  Table  B-3  gives  distribution  of  the 

study  group  of  index  children. 

"B.  Search  birth  certificates  on  these  affected  children." 

Birth  certificates  were  searched  on  all  of  the  150  Down's  cases 
(including  unmatched)  that  comprised  the  study  group  of  the  Current 
Series  plus  others  who  were  rejected  because  they  did  not  meet  criteria, 
they  could  not  be  traced,  their  parents  were  unavailable  for  participa- 
tion in  the  study,  or  there  were  other  reasons  for  exclusion. 

"C.  Select  controls  matched  L cases  on  hospital  of  birth, 
date  of  birth,  maternal  age,  race  and  sex  of  infant." 

Control  children  were  matched  by  the  procedure  designated,  and 
their  hospital  (delivery,  birth  and  other)  records  and  birth  certificates 
searched  (See  pp.  26-27  and  references  #2-5).  For  the  Current  Series 
150  controls  were  included  for  final  analysis  and  of  these^l28  were 
matched  to  128  Down's  cases,  i.e.,  128  controls  in  the  "matched  pairs" 
group . 

"IV.  To  carry  out  interviews  of  parents  of  Down's  cases  of 

Current  Series  ." 

Instead  of  the  originally  estimated  95  cases  and  95  controls, 
the  Current  Series  was  extended  to  include  families  of  150  Down's 
cases  of  which  128  were  in  matched  pairs  of  cases  and  controls. 

Tracing,  interviewing  of  mothers  and  fathers, and  data  collection 
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were  completed  on  this  number.  It  should  be  noted  that,  to  complete 

this  sample,  tracing  of  a much  larger  number  wbs  required.  After 

eliminating  those  rejected  because  of  failure  of  cases  to  meet  Luc  pre- 

established  criteria  and/or  parental  unavailability,  interview  data 

were  obtained  on  the  mothers  and  fathers  of  150  cases  . Of  those,  128 

had  matched  controls  on  whom  parental  interviews  were  also  obtained  ^ 

thus  completing  the  128  matched  pairs. 

"V.  To  trace  the  matched  controls  of  the  Current  Series  and 
interview  tlieir  parents." 

Of  over  150  controls  whose  parents  were  traced  and  interviewed, 

128  were  matched  to  documented  Down's  cases  meeting  the  study  criteria. 

These  128  constituted  the  controls  referred  to  when  the  "matched  pairs" 

are  considered.  Interview  data  for  both  mothers  and  fathers  of  those 

matched  controls  were  obtained. 

"VI.  To  validate  selected  portions  of  the  data  obtained  by 
interview  against  medical  records  in  Current  Series." 

Validation  of  data  on  the  index  cases  and  their  matched  controls 
through  birth  certificate,  hospital  and  other  medical  records  available 
was  carried  out;  and,  in  addition, validation  of  interview  data  on 
parental  radiation  and  other  interview  questions,  as  feasible, was 
also  undertaken.  These  attempts  at  verification  of  collected  informa- 
tion were  made  in  addition  to  the  extensive  validation  of  military 
service  and  military  occupational  history  performed  on  both  the 
Current  and  Original  Series  by  search  of  government  records 
arranged  through  NAS.  (Sea  also  VIII  below.) 
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"VII.  To  obtain  blood  siunplcs  and  carry  out  chromosome  analysis 
on  all  fathers  reporting  radar  exposure  and  on  the  corresponding 
fathers  of  children  matched  to  those  whose  parents  were  exposed 
in  the  Current  Series." 

Blood  collection  iind  chromosome  cultures  were  completed  on  162 
fathers,  including  62  matched  pairs  of  exposed  and  unexposed  fathers,  and 
38  unmatched  fathers,  derived  from  the  Original  Series  and  new  matches, 

as  well  as  the  Current  Series.  Because  of  culture  failures  on  3 fathers, 

chromosome  analysis  was  completed  on  159  of  the  162  fathers. 

(See  Tables  CS-1  through  8).  Of  the  matched  pairs,  16  pairs  were  exposed 

fathers  of  Down's  cases  and  their  matched  control  fathers  who  were  unexposed 
(8  Original  Series  pairs  and  8 Current  Series  pairs);  3 pairs  were 
fathers  of  Do\^m's  cases  classified  as  "near  exposed"  iind  unexposed 
fathers  from  their  matched  controls  (2  Original  Series  pairs  and  1 
Current  Series  pair).  Matched  pairs  of  exposed  control  fathers  and 
the  unexposed  fathers  of  cases  to  whom  they  had  been  matched  comprised 
13  pairs  involving  definite  exposure  (4  from  the  Original  and  9 from 
the  Current  Series),  and  I pair  from  the  Current  Series  involving 
near  exposure.  In  addition,  there  were  23  exposed  fathers:  9 Down's 
(6  from  Original  and  3 from  the  Current  Series)  and  14  Controls  (11 
from  the  Original  and  3 from  the  Current)  in  pairs  with  new  matches,  as 
well  as  3 near  exposed  fathers  (I  Dovai's  and  2 Controls)  from  the  Original 
Series  paired  with  new  matches.  Tlirec  pairs  consisted  of  exposed  and 
unexposed  new  matches.  Aiiamg  unmatched  fatliers  there  were  3 Original 
and  2 Current  Series  exposed  Down's,  4 Current  Series  exposed  control 
fathers,  2 near  exposed  Original  Series  Down's  fathers,  5 near  exposed 
fathers  of  Original  Series  controls,  1 unexposed  Current  Series  IVmm's. 
and  7 unexposed  Original  Series  control  fathers.  Blood  was  collected  on 
all  of  these  fathers,  after  interviews  concerning  microwave  exposure 
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; status  were  completed.  As  noted  above,  this  group  of  100  Original  Series 

I and  62  Current  Series  fathers  on  \diom  blood  was  collected  involves  fathers 

not  only  of  cases  and  of  controls  but  also  23  new  matches.  The  new 
i I matches  comprise  those  matched  to  exposed  fathers  (to  6 Original 

Ij  Series  and  3 Current  Series  exposed  Down's  and  to  11  Original  Series 

i j 

I i and  3 Current  Series  exposed  Control  fathers),  3 pairs  of  new  match 

I ; 

I 1 exposed  fathers  and  new  match  unexposed  fathers  selected  initially  for 

I ! 

the  Original  Series,  and  2 new  matches  to  Original  Series  Near  Exposed 
Control  fathers  and  on  one  for  an  Original  Series  near  exposed  case 
father.  Among  unmatched  fathers  there  were  5 Exposed  New  Matches  (3 
Original,  2 Current),  5 Near  Exposed  New  Matches  (4  Original  and  1 
Current)  and  4 Unexposed  New  Matches  (2  Original  and  2 Current  Series) 
on  whom  bloods  were  collected  for  chromosome  studies. 

In  summary,  chromosome  analyses  were  completed  on  159  of  the  162 
fathers  distributed  as  indicated  above  in  Table  CS-1.  Where  blood 
cultures  failed  to  grow,  an  attempt  was  made  to  obtain  additional 
specimens,  until  a satisfactory  culture  was  available  or  further 

0 

attempts  were  no  longer  feasible,  and/or  father  was  no  longer  available  . 
While  initially,  additional  specimens  were  to  be  sought  wlien  an 
abnormality  was  detected,  that  plan  became  too  expensive  and  was  dis- 
continued, since  in  terms  of  cost-benefit  analysis,  it  was  more  practicable 


Table  CS-8  gives  the  distribution  of  chromosome  results  by  specimen 
and  paternal  matching  and  exposure  status. 
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to  concentrate  available  effort  , time  and  funds  on  obtaining  at  least 
one  satisfactory  culture  per  father  selected  for  study.  Thus  in  the 


final  chromosome  study  group,  at  least  one  successful  culture  had  been 
obtained  on  159  fathers.  (See  Tables  CS-2  through  CS-8.) 

"BOTH  SERIES 

VIII.  To  validate  paternal  military/radar  history  by  independent 
search  of  government  military  files  on  all  fathers  irrespective 
of  service/radar  report,  (as  well  as  carry  out  chromosome  studies 
indicated  above  under  II  and  VII  respectively)." 

As  discussed  in  the  section  on  Method  of  Study,  an  arrangement  was 
made  with  the  National  Academy  of  Sciences  Follow  Up  Agency  to  search 
military  records  on  fathers  of  all  Down's  cases  and  fathers  of  their 
matched  controls  (as  well  as  new  matches).  The  records  were  searched 
(by  the  NAS  staff)  in  the  National  Personnel  Records  Center  - Military 
Records,  in  St.  Louis,  Missouri,  a repository  maintained  by  the  National 
Archives  and  Record  Service  of  the  General  Services  Administration. 
Tabulations  based  on  the  findings  are  included  in  tables  on  military 
service  and  radar  exposure  (See  MS  and  R Tables).  Note  in  particular 
Table  MS~5  Status  of  Record  of  Military  Service  Received  From  NAS. 


(iv)  DISCUSSION,  CONCLUSIONS  AND  OVERVIEW 

While  some  of  the  findings  of  the  original  Hopkins  study  of 
parental  factors  and  Down's  syndrome  ^\^ere  confirmed  in  the  current 
study,  this  was  not  true  of  all.  On  the  other  hand,  some  new  observa- 
tions are  quite  provocative  and  require  further  investigation. 

The  maternal  age  effect  in  Down's  syndrome  clearly  remains 
unchallenged;  and  the  previously  reported  lack  of  an  effect  of  advanced 
paternal  age  in  Do\im's  syndrome  was  confirmed  in  the  Current  Series. 

The  menstrual  and  reproductive  experience  of  mothers  of  cases  and 
controls  remains  unremarkable,  except  for  the  suggestion  in  the  Current 
Series  (not  found  in  the  Original  Series)  of  a possibly  smaller 
number  of  pregnancies  prior  to  the  birth  of  the  index  child  in  mothers 
of  Down's  syndrome  cases  than  among  controls  (p  = .055).  Examination 
of  reported  thyroid  disease,  medication,  and/or  other  indicators  of  thyroid 
and  other  significant  conditions  in  medical  history  (e.g.,  diabetes; 
tuberculosis;  rheumatic  heart  disease,  chicken  pox,  measles,  mumps, 
poliomyelitis;  hypertension;  diseases  of  the  adrenal  glands  or 
liver;  leukemia,  cancer  of  any  type;  non-mal ignant  tumors;  conv\tlsions 
and/or  epilepsy;  and  visual  or  hearing  defects)  also  revealed  no  differences 
between  mothers  of  Down's  cases  and  of  controls. 


90 


Clearly  not  confimied  in  the  Current  Series  was  the  excess  of 


multiple  marriages  prior  to  the  index  birth  observed  in  the  Original 
Series  suggesting,  as  conjectured  at  the  time  it  was  reported  initially, 
that  the  finding  in  the  Original  Series  was  probably  fortuitous. 

Of  particular  interest  is  the  absence  of  a difference  in 
mediciil  radiiition  history  between  case  and  control  parents,  shov^n 
not  only  in  fathers  of  the  Current  Series  iconsi stent  with  the 
observations  on  the  fathers  of  the  Original  Series)  but  also  in 
mothers  of  the  Current  Series  iin  contrast  to  tlie  findings  in 
mothers  of  the  Original  Series).  Exactly  the  s;ime  percentage  of 
Current  Series  case  and  control  mothers  (197..)  reported  on  interview 
that  they  had  had  "no  radiation"  prior  to  conception  of  the  index 
child.  Nor  were  there  any  significant  differences  between  case  a.id  control 
mothers  in  the  various  types  of  radiation,  - the  only  suggestive  deviation 
occurring  in  therapeutic  radiation  (still  NSD) . Unlike  the  Original  Series,  in 
which  there  was  an  excess  of  both  therapeutic  and  fluoroscopic 
radiation  in  case  mothers  compared  to  control  mothers,  the  Current 
Series  did  not  show  svich  a pattern  in  fluoroscopy.  One  may  speculate 
as  to  whether  there  has  been  an  increasing  awareness  in  the  medical 
conmuinity  concerning  the  health  hazards  of  ionizing  radiation  to 
women  prior  to  child-bearing,  resulting  in  much  more  restricted 
radiation  exposure  in  the  more  recent  period  of  the  Current 
Series  (1962-S)  - except  as  required  for  therapeutic  purposes  - tiian 


I 


i 

I 


'1 


in  the  years  preceding  the  birth  of  the  Original  Series  children 
(1946-62).  If  so,  it  is  not  surprising  that  the  only  suggested  case- 
control  difference  (still  not  statistically  significant)  occurred  in 
the  therapeutic  radiation  category  and  in  combinations  involving 
therapeutic  radiation.  As  therapeutic  radiation  is  less  a matter  of 
choice  than  necessity,  reduction  in  usage  is  not  as  readily  accomplished. 
Also  to  be  taken  into  account  is  that  the  radiation  history  based  on 
interview  information  is  subject  to  problems  of  biased  recall.  Although 
hospital  checking  was  carried  out,  x-rays  taken  in  private  physicians' 
offices  were  not  screened.  Moreover,  not  all  Baltimore  hospitals  were 
screened  for  years  prior  to  the  index  birth,  and  no  out-of-city  hos- 
pitals were  included. 

Also  of  particular  interest  is  the  lack  of  confirmation  in  the 
Current  Series  of  a higher  frequency  of  paternal  radar-microwave 
exposure  among  fathers  of  Down's  cases  suggested  in  the  Original 
Series.  The  replication  study,  using  both  interview  data  and  an 
independent  search  of  military  records,  not  only  found  no  excess  of 
radar  exposure  in  fathers  of  Current  Series  cases,  but,  in  fact, 
showed  a slightly  higher  frequency  in  control  fathers  which  counter- 
balanced the  Original  Series  differences,  to  yield  almost  identical 
frequencies  in  cases  and  controls  in  the  Combined  Series.  This 
similarity  in  frequencies  was  also  clearly  apparent  when  consideration 
was  limited  to  record  search  data  from  NAS  only.  As  the  military 
record  search  was  carried  out  without  the  searchers'  knowledge  of  which 
subjects  were  parents  of  Down's  syndrome  cases,  the  problem  of  possible 
biased  reporting  by  respondents  was  controlled. 
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With  regard  to  military  service,  more  fathers  of  cases  than  of 
controls  in  the  Current  Series  indicated  Army  service  prior  to  birth 
of  the  index  child,  a pattern  similar  to  that  found  in  Original  Series 
fathers.  However,  there  was  no  excess  of  Marine  Corps  service  for 
Current  Series  case  fathers, as  was  observed  in  the  Original  Series 
case  fathers.  Consequently,  in  total  military  service  (all  branches 
combined,  i.e.,  any  branch),  Original  Series  case  fathers  showed  a 
greater  excess  over  control  fathers  (60.2%  vs.  56.57.  from  interview 
and  58.8'7o  vs.  49.57.  from  NAS)  than  observed  in  the  Current  Series 
(71.17.  vs.  69.57.  from  interview  and  85.67.  vs.  63.37.  from  NAS). 

Although,  for  the  Combined  Series  pooled  military  service,  (i.e., 
any  branch),  there  was  still  a discernible  difference  remaining,  more 
marked  from  NAS  record  search  (61.37.  vs.  54.67.)  than  from  interview 
(64.27.  for  case  fathers  vs.  61.37.  for  control  fathers),  none  of  the 
differences  were  statistically  significant. 

The  implication  as  to  etiology  of  Down's  syndrome  of  an  excess 
of  military  service  among  fathers  of  cases  in  the  absence  of  any  dis- 
cernible excess  of  radar-microwave  exposure  could  pose  a dilemma.  On 
the  one  hand,  the  suggested  (though  NSD)  variation  in  military  service, 
is  most  heavily  influenced  by  the  Original  Series  deviation;  on  the 
other  hand,  unlike  the  radar,  there  appears  to  be  slightly  (although 
still  not  significantly)  more  military  service  in  case  fathers  of  the 
Current  Series. 


L. 
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Examination  of  the  chromosome  findings  suggests  that  a larger 
proportion  of  the  cultures  from  radar  exposed  than  from  unexposed  fathers 
had  discernibly  deviant  chromosomes.  The  classification  of  detectable 
chromosomal  deviations  from  so  called  normality  is  necessarily  a very 
general  one.  It  might  be  postulated  that  (1)  damage  from  extrinsic 
agents  (such  as  radiation  and  chemical  mutagens)  might  be  expected 
to  result  in  the  "B"  type  aberrancies,  (2)  that  the  "C"  type  might 
tend  to  be  attributable,  at  least  in  some  instances,  to  technical 
errors  and/or  to  have  occurred  within  the  previous  72  hours,  and  (3) 
that  the  "A"  type  might  involve  heritable  aberrations,  transmitted 
through  the  germ  line  over  generations.  Since  the  categorization  of 


chromosomal  changes  may  be  some\diat  artificial,  the  distribution  of 


observations  was  examined  in  several  ways;  by  "A",  "B",  "C",  "D" 
type  deviations,  by  combinations  of  A-B-C  types,  and  by  individual 
aberrations  within  the  "A",  "B",  "C"  classes  (e.g.,  secondary  con- 
striction #9;  fragmented  chromosome , gaps , etc.).  Moreover,  in  view 


of  the  uncertain  nature  of  what  constitutes  "near  exposure,"  the 
chromosomal  effects  were  examined  not  only  for  fathers  classified  as 
"exposed"  as  compared  to  "unexposed (and  mainly  for  the  matched 
pairs), but  also  for  others  of  the  various  combinations  of  exposure 

status,  pooled  groups,  etc.  It  is  of  interest  that  there  appeared 
to  be  a consistent  association  of  chromosomal  aberrancy  with  exposure, 

even  "near  exposed";  and  that  the  aberrancy  was  attributable  primarily 
to  "C"  type  defects.  Differences  between  radar  exposed  ^inc hiding  th>- 
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near-exposure  as  well  as  definitely  exposed)  and  unexposed  fathers  attained 
statistical  significance  for  "any  C"  defects  and  for  "A  and/or  C"  defects 
at  the  .02  and  .03  level  depending  on  specific  comparisons.  Whether  the 
apparent  excess  of  variants  In  radar  exposed  fathers  was  due  to  artifact, 
technical  error,  or  was  spurious,  or,  whether  the  observed  variants  did, 

In  fact,  indicate  poorer  ability  to  grow  in  culture,  increased  fragility 
of  chromosomes  or  nuclear  material,  or  some  other  direct  or  indirect 
effect  of  exposure,  remains  to  be  determined.  Meanwhile,  these  chromosomal 
findings  can  only  be  regarded  as  suggestive,  and  warranting  further,  more 
refined  types  of  studies.  Clearly,  they  must  be  interpreted  with  caution, 
in  view  of  the  small  numbers  in  subcategories  and  the  difficulty  in 
interpretation  of  types  of  deviations  in  terms  of  "abnormality". 

In  overview,  it  appears  that  neither  the  chromosome  studies  nor 
findings  with  regard  to  reported  radar  exposure  differences  yield  defini- 
tive conclusions.  Although  the  Current  Series  did  not  confirm  the 
suggested  excess  of  paternal  radar -microwave  exposure  in  fathers  of 
Down's  syndrome  cases,  the  possible  relationship  of  such  exposure 
to  increased  risk  of  Down's  offspring  cannot  be  completely  ruled  out 
on  the  basis  of  these  observations. 

A number  of  problems  were  encountered  in  the  study:  some,  of 
methodological  nature,  and  others,  in  theoretical  aspects  of  the  approach. 

One  of  the  most  challenging  methodological  problems  of  the 
investigation  was  the  definition  of  radar  "exposure".  Since  classi- 
fication of  fathers  as  "exposed"  or  "unexposed"  proved  to  be  quite  com- 
plex, several  sets  of  categories  were  used.  Classification  was  based 
on  interview  report  only,  on  National  Academy  of  Sciences  (NAS)  search  of 
military  records  with  regard  to  exposure,  and  on  combined  information 


from  NAS  and  Interview.  The  appropriate  method  for  clasai f Ication  of 
chromosomal  deviations  from  normality  as  well  as  the  implications  of 
the  deviations  also  provided  some  difficulty  In  interpretation. 

Unavailability  of  fathers  selected  for  study  posed  still  another  pro- 
blem in  the  chromosome  investigation;  a number  of  fathers  either  were  | 

deceased,  lived  out  of  the  area,  refused  to  participate,  could  not  be  ! 

i 

I located,  or  were  not  available  for  other  reasons.  Finally,  some  of  the 

t 

I blood  samples  obtained  were  unsatisfactory,  failed  to  grow,  and/or  for 

1 

technical  reasons,  an  adequate  chromosome  analysis  could  not  be  made. 

Wherever  possible,  resampling  was  carried  out,  until  a satisfactory 

chromosome  analysis  was  obtained. 

The  conduct  of  a study  that  is  sound  in  theory  and  rationale 

and  at  the  same  time  loglstically  realistic  and  economically  feasible 

< was  not  practicable.  Therefore,  it  was  necessary  to  use  an  indirect 

approach  to  the  problem.  The  examination  oi  parental  factors  In 

’ Down's,  utilizing  a series  of  retrospectively  ascertained  Down's 

I cases,  is  less  than  ideal.  In  view  of  the  well  established  maternal 

I age  association  and  the  recognized  significant  role  of  maternal  factors 

' in  Down's,  it  would  be  expected  that  such  factors  would  account  for  by  far 

^ the  major  portion  of  the  cases  in  a retrospectively  ascertained  series, 

masking  any  paternal  factors.  Moreover,  the  most  severely  affected 

radar  exposed  males  (i.e.,  those  with  damage  to  germinal  tissue)  would  be 

not  only  the  ones  with  the  highest  risk  of  abnormal  offspring,  but 

i also  the  most  likely  to  have  had  somatic  tissue  damage  with  resultant 

j poorer  survivorship,  eliminating  them  from  the  group  ascertained 

i 

through  Down's  offspring  and  alive  for  interview.  Consequently,  even 
if  paternal  exposure  did  actually  increase  the  relative  risk 
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significantly,  this  effect  would  be  difficult  to  detect  in  a 
retrospective  study  of  Down's  cases  and  controls.  Should  a paternal 
relationship  be  discernible  in  such  u study,  it  winild  suggest  n very 

marked  attributable  risk  and  be  a matter  of  considerable  concern.  | 

t 

That  the  Original  Series  did  suggest  a relationship  may  have  been  * 

fortuitous.  On  the  other  hand,  the  observation  requires  definitive 
confirmation  or  rejection. 

With  regard  to  the  Chromosome  Studies,  the  observations, 
although  also  Inconclusive,  do  suggest  some  effects  of  radar  exposure 
and  clearly  warrant  further  Investigation.  Like  the  examination  of 
paternal  radar  exposure  In  a series  of  retrospectively  ascertained 
Down's  cases,  the  study  of  chromosomes  In  the  peripheral  blood  of  radar 
exposed  and  unexposed  fathers  is  not  a sensitive  approach  to  the  study 
of  radar  effects  on  chromosomal  aberrations  in  offspring,  and  is  sub- 
ject to  the  same  pitfall:  the  likelihood  of  selective  elimination 
from  observation  of  the  moat  severely  affected.  If  radar  exposure 
produces  chromosomal  damage,  those  with  the  most  marked  effects  in 
the  germ  line  would  also  have  the  most  significant  somatic  effects 
and  be  the  least  likely  to  survive  to  ascertainment  in  a retrospective 
Investigation.  Even  among  those  who  did  not  have  germinal  damage  but 
only  somatic  effects,  those  In  whom  the  defective  chromosomes  persisted 
would  have  the  highest  mortality.  Tluis,  those  \d»o  are  ascertained 
would  be  more  likely  to  bo  those  In  whom  the  nonnal  cells  have  selec- 
tively survived  and  the  abnormal  had  been  selectively  eliminated,  possibly 
making  any  original  damage  undetectable.  Another  unavoidable  problem 
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would  be  the  Inability  to  detect  abnonnulltles  In  the  peripheral  blood 

of  Individuals  In  wt\om  only  germinal  damage  without  somatic  damage 

had  occurred.  On  the  other  hand,  if  chromosomal  effects  were  observed 

in  the  peripheral  blood  of  fathers  after  radar  exposure,  this  would 

suggest  long  term  and  marked  chromosomal  damage,  persisting  from  one 

to  over  20  years  after  exposure.  With  such  dc'.nonstrable  somatic 

effects,  the  likelihood  of  accompanying  genetic  damage  would  warrant 

serious  attention.  Whereas  not  finding  these  effects  In  a retrospective  study 

would  not  indicate  that  radar  exposure  has  no  deleterious  effects  on  chromo-  ' 

somes  In  the  germinal  tissue  or  on  the  somatic  tissue  observing  persistent 

i 

chromosomal  manifestations  clearly  warrants  further  investigation.  j 

In  view  of  the  suggestive  findings  of  the  Original  Series  with  | 

regard  to  a possible  radar  association,  It  was  certainly  necessary  to  j 

investigate  this  question  further.  Ttie  initial  steps  were  taken.  A 
replication  study  was  the  simplest,  least  expensive,  immediate  approach. 

Supplementing  it  with  the  Independent  search  of  service  records 
added  an  objective  index,  eliminating  any  possible  differential 
In  parental  responses.  Tlxe  chromosome  studies  provided  an  additional 

type  of  Information.  Even  if  they  did  not  offer  a very  sensitive  means  j 

of  obtaining  evidence  of  microwave-induced  chnxnosome  effects,  they  \ 


did  constitute  another  objective  Indicator  tl)at  again  was  simpler  and 
less  expensive  than  a prospective  study.  Tliese  methods  having  been 
attempted  with  inconclusive  findings,  it  is  now  necessary  to  look  to 


the  prospective,  longitudinal,  surveillance  studios  to  resolve  the 
Issue. 
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STIGMATA  IN  CASES  OF  DOWN'S  SYNDRC»ffi  OF  CURRENT  SERIES 
128  Matched  Casee 
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TABLE  B-2  R 


DISTRIBUTION  OF  DOWN'S  CASES 
.BY  NUMBER  OF  STIGMATA 

Current  Series 


Tot*l 

Number 

of 

St  1 g^uita 


Stigmata  Coded  "Yes' 


Matched 

Pooled 

Matched 

No.  of 
Sub lect 

7. 

i 

0 

0 

2 

1.33 

106 

82.81 

0 

0 

2 

1.33 

21 

16.40 

1 

0,78 

2 

1.33 

0 

0 

5 

3.90 

6 

4.00 

1 

0.78 

S 

3,90 

6 

4.00 

lb 

12.50 

19 

12.66 

15 

11.71 

17 

11.33 

12 

9.37 

13 

8.66 

14 

10.93 

17 

11.33 

20 

15.62 

20 

13.33 

8 

6.25 

11 

7.33 

10 

7.81 

10 

6.66 

12 

9.37 

14 

9.33 

7 

5.46 

7 

4. 66 

3 

2,34 

3 

2.00 

0 

0 

1 

0.66 

128 

150 

128 

Stigmata  Coded  "Questionable" 


Pooled 


Pooled  Includes  additional  and  questionable  mongols  as  well  as  matched  pairs. 
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25-29 
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Current  Series  Down's  cases  and  controls  (maternal  age  matched)  and  1963-1968  white  births  for 


108  Bottom  half 


109  Bottom  half 


IX 


Fathers  of  Down's  Cases  fMatched  Pairs) 
Fathers  of  Controls  fMatched  Pairs) 
Fathers  of  Live  Births-Baltimore  City 


Down's  cases  and 


Table  r-i 


I 


PATERNAL  RADAR  - MICROWAVE  EXPOSURE  HISTORY  IRRESPECTIVE  OF  DATE  OF  CGI 

Current,  Original  and  Combined  Series 


Exposure  Status 

Matched  Pairs 

Down' s 

Controls 

1 

CURRENT  SERIES 

# 7o  Kn.  7,  Tot. 

# 7o  Kn.  % Tot. 

it  1 

43 

66  i 
14 

25 

148  K 
2 

150 

No  Exposure 
Probably  No  Exp. 
Probably  Some  Exp. 
Exposed 

Known  Exp.  Status 
Unk.  Exp.  Status 
Total  Incl.  Unknown 

39  30.7  30.5 

53  41.7  41-4 

13  10.2  10.2 

22  17.3  17.2 

127  99.9  99.3 

1 0.8 

128  100.1 

34  26.8  26.6 

56  44.1  43.8 

10  7.9  7.8 

27  21.3  21.1 

127  100.1  99.3 

1 0.8 

128  100.1 

ORIGINAL  SERIES 

No  Exposure 
Probably  No  Exp. 
Probably  Some  Exp. 
Exposed 

Known  Exp.  Status 
Unk.  Exp.  Status 
Total  Incl.  Unk. 

30  15.4  13.9 

116  59.5  53.7 

5 2.6  2.3 

44  22.6  20.4 

• 195  100.0  90.3 

21  9.7 

216  100.0 

25  12.2  11.6 

146  71.2  67.6 

1 0.5  0.5 

33  16.1  15.3 

205  100.0  95.0 

11  5.1 

216  100.1 

COMBINED  SERIES 

No  Exposure 
Probably  No  Exp. 
Probably  Some  Exp. 
Exposed 

Known  Exp.  Status 
Unk.  Exp.  Status 
Total  Incl.  Unk. 

69  21.4  20.1 

169  52.5  49.1 

18  5.6  5.2 

66  20.5  19.2 

322  100.0  93.6 

22  6.4 

344  100.0 

59  17.8  17.2 

202  60.8  58.7 

11  3.3  3.2 

60  18.1  17.4 

332  100.0  96.5 

12  3.5 

344  100.0 

73  2 

186  5 

20 

70  2 

349  10 

23 

372 

PooleJ*' 


pwn' s 


Controls 


Down's 


Controls 


# 

7o  Kn. 

7o  Tot. 

34 

26.8 

26.6 

56 

44.1 

43.8 

10 

7.9 

7.8 

27 

21.3 

21.1 

127 

100.1 

99.3 

1 

0.8 

128 

100.1 

143  looa 
7 


% Tot. 

28.0 

40.7 

7.3 

19.3 

95.3 
4.7 

100.0 


£ 

7o  Kn. 

7o  Tot. 

43 

29.1 

28.7 

66 

44.6 

44.0 

14 

9.5 

9.3 

25 

16.9 

16.7 

148 

100.1 

98.7 

2 

1.3 

150 

100.0 

25  12.2  11.6 

146  71.2  67.6 

1 0.5  0.5 

33  16.1  15.3 

205  100.0  95.0 

11  5.1 

216  100.1 


12.0  11.3 

148  70.5  67.0 

1 0.5  0.5 

36  17.1  16.3 

210  100.1  95.1 

11  5.0 

221  100.1 


14.9 

59.7 

3.0 

22.4 

100.0 


13.5 
54.0 

2.7 

20.3 

90.5 
9.5 

100.0 


59 

17.8 

17.2 

73 

20.9 

19.6 

202 

60.8 

58.7 

186 

53.3 

50.0 

11 

3.3 

3.2 

20 

5.7 

5.4 

60 

18.1 

17.4 

70 

20.1 

18.8 

332 

100.0 

96.5 

349 

100.0 

93.8 

12 

3.5 

23 

6.2 

344 

100.0 

372 

100.0 

19.0 

59.2 

3.4 

18.4 

100.0 


enable  Down's  cases  and  fathers  of  additional  controls,  as  well  as  matched  pairs. 


30.5 

41.4 

10.2 

17.2 

99.3 
0.8 

100.1 


13.9 

53.7 

2.3 

20.4 

90.3 

9.7 


[AVE  EXPOSURE  HISTORY  IRRESPECTIVE  OF  DATE  OF  CONCEPTION  (FROM  INTERVIEW) 
Current,  Original  and  Combined  Series 


18.1 

56.3 

3.2 

17.5 

95.1 

4.9 

100.0 


TABLE  R-2 


PATERNAL  RADAR  EXPOSURE  BEFORE  CONCEPTION  OF  INDEX  CHILD  (FROM  II 


Current,  Original,  and  Combined  Series 


Exposure  Status 

Matched  Pairs 

1 

! 

Down's  Cases 

1 Controls  | 

Down 

No. 

7o  Known 

% Total 

Nc. 

7o  Known 

% Total 

No. 

% K 

CURRENT  SERIES 

No  Exposure  Definitely  Prior 

94 

78.3 

73.4 

91 

76.5 

71.1 

113 

8i 

Probably  Some  Exposure 

16 

13.3 

12.5 

13 

10.9 

10.2 

18 

1 

Exposed 

10 

8.3 

7.8 

15 

12.6 

11.7 

10 

. 

Known  Exposure  Status 

99.9 

93.8 

119 

100.0 

93.0 

141 

Unknown  Exposure  or  Time 

6.2 

9 

7.0 

9 

Total  Iricl.  Unk.  Exp.  or  Time 

mi 

100.0 

128 

100.0 

150 

J 

ORIGINAL  SERIES 

!■ 

No  Exposure  Definitely  Prior 

136 

81.4 

63.0 

86.5 

62.5 

Probably  Some  Exposure 

8 

4.8 

3.7 

3 

1.9 

1.4 

Exposed 

23 

13.8 

10.6 

18 

11.5 

8.3 

Known  Exposure  Status 

167 

100.0 

77.3 

156 

99.9 

72.2 

K 

Unknown  Exposure  or  Time 

49 

22.7 

60 

27.8 

■1 

Total  Incl.  Unk.  Exp.  or  Time 

216 

100.0 

216 

100.0 

■ 

COMBINED  SERIES 

H 

|B 

No  Exposure  Definitely  Prior 

230 

80.1 

66.9 

226 

82.2 

65.7 

Probably  Some  Exposure 

24 

8.3 

16 

5.8 

4.7 

Exposed 

33 

11.5 

9.6 

33 

12.0 

9.6 

34 

Known  Exposure  Status 

287 

99.9 

83.4 

275 

100.0 

79.9 

Unknown  Exposure  or  Time 

57 

16.6 

69 

20.0 

■t 

Total  Incl.  Unk.  Exp.  or  Time 

344 

100.0 

344 

- 

99.9 

■ 

^ Includes  fathers  of  additional 

and  questionable  Down's  cas 

es  and 

fathers  of 

additional 

controls,  as 

I 


Current,  Original,  and  Combined  Series 


Matched  Pairs 


Pooled  © 


■k*s  Cases 

1 Controls  | 

Down's  Cases 

Controls 

known  7o 

Total 

No. 

7.  Known 

X Total  1 

No. 

7,  Known  7 

Total 

No. 

7.  Known 

7 Total 

78.3 

73.4 

91 

n 

B 

80.1 

75.3 

106 

77.9 

70.7 

13.3 

12.5 

13 

12.8 

12.0 

14 

10.3 

9.3 

8.3 

7.8 

15 

12,6 

7.1 

6.7 

16 

11.8 

10,7 

99.9 

93.8 

119 

100.0 

93.0 

100. 0 

136 

100. 0 

6.2 

9 

7.0 

HD 

14 

100.0 

128 

100.0 

■1 

150 

11.4 

63.0 

. 135 

86.5 

62.5 

140 

80.9 

63.1 

137 

85.1 

62.0 

4.8 

3.7 

3 

1.9 

1.4 

9 

5.2 

4.1 

3 

1.9 

1.4 

3.8 

10.6 

18 

11.5 

8.3 

24 

13.9 

10.8 

21 

13.0 

9.5 

1 

77.3 

156 

99.9 

72.2 

173 

100.0 

77.9 

161 

100.0 

72.8 

22.7 

60 

27.8 

49 

22.1 

60 

27.1 

100.0 

216 

100.0 

222 

100.0 

221 

99.9 

0.1 

66.9 

226 

82.2 

65.7 

253 

80.6 

68.0 

243 

81.8 

65.5 

8.3 

7.0 

16 

5.8 

4.7 

27 

8.6 

7.3 

17 

5.7 

4.6 

1.5 

9.6 

33 

12.0 

9.6 

34 

10.8 

9.1 

37 

12.5 

10.0 

9.9 

83.4 

275 

100.0 

79.9 

314 

100.0 

84.4 

297 

100. 0 

80,1 

16.6 

69 

20.0 

58 

15.6 

74 

19,9 

100.0 

344 

99.9 

372 

100,0 

371 

100.0 

Ible  Down's  cases  and  fathers  of  additional  controls,  as  well  as  matched  pairs. 
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T/\BLE  R-3 

PATERNAL  RADAR  EXPOSURE  BEFORE  CONCEPTION  OF  INDEX  CHILD  (FI 
Current,  Original,  and  Combined  Series 


Matched  Pairs 


Exposure  Status 

Down's  Cases 

Controls  | 

Down 

No. 

% Known 

% Total 

No. 

% Known 

7o  Total  1 

No. 

% K 

CURRENT  SERIES 

■i 

Not  Exposed^ 

104 

91.2 

81.3 

88.1 

121 

9 

Exposed 

10 

8.8 

7.8 

11.9 

12 

Known  Exposure  Status 

100.0 

89.1 

118 

100.0 

92.2 

10 

Unknown  Exposure  Status 

10.9 

10 

7.8 

■ul 

Total  Incl.  Unknown  Exp. 

128 

100.0 

B 

ORIGINAL  SERIES 

Not  Exposed’^ 

182 

89.7 

84.3 

180 

91.8 

83.3 

185 

8 

Exposed 

21 

10.3 

9.7 

16 

8.2 

7.4 

22 

1 

Known  Exposure  Status 

203 

100.0 

94.0 

196 

100.0 

90.7 

207 

10 

Unknown  Exposure 

13 

6.0 

20 

9.3 

15 

Total  Incl.  Unknown  Exp. 

216 

100.0 

216 

100.0 

222 

COMBINED  SERIES 

Not  Exposed^ 

286 

90.2 

83.1 

284 

90.4 

82.6 

306 

9 

Exposed 

31 

9.8 

9.0 

30 

9.6 

8.7 

34 

1 

Known  Exposure  Status 

317 

100.0 

92.2 

314 

100.0 

91.3 

340 

10 

Unknown  Exposure 

27 

7.8 

30 

8.7 

32 

Total  Incl.  Unknown  Exp. 

344 

100.0 

344 

100.0 

372 

Includes  fathers  of  additional  and  questionable  Down's  cases  and  fathers  of  additional  controls,  ai 


X None  reported  as  definitely  prior 


I 


RADAR  KXPOSURK  BKKORK  CONCKPilON  OK  1 NDKX  CHILD  (FROM  NAS) 
Current,  Original,  and  Combined  Series 


Matched  Fairs 


Pooled  I 


Cases 


Controls 

Down  s Cases 

Controls 

To  t a 1 

No. 

7o  Known 

% Total 

No. 

7.  Known  7. 

Total 

No. 

7m  Known 

7m  'I'otal 

SI  .3 

104 

88.  1 

81.3 

121 

91.0 

80.  7 

118 

88.7 

78.7 

7,S 

14 

11.9 

10.9 

12 

9.0 

8.0 

15 

11.3 

10.0 

89 . 1 

118 

100. 0 

92.2 

133 

100.0 

88.7 

133 

100. 0 

88.7 

10.9 

10 

7.8 

17 

11.3 

17 

11.3 

100.0 

128 

100. 0 

ISO 

100.0 

150 

100.0 

84 . 3 
9.7 

180 

18 

91.8 

8.2 

83.3 

7.4 

185 

22 

89.4 

10.  (, 

83.3 

9.9 

183 

16 

92.0 

8.0 

82.8 

7.2 

94 . 0 

196 

100.0 

90.7 

207 

100. 0 

93.2 

199 

100.0 

90.0 

h.O 

20 

9.3 

15 

6.8 

22 

10.0 

100.0 

216 

100.0 

222 

100.0 

221 

100. 0 

83.1 

9.0 

284 

30 

90.4 

9.6 

82.6 

8.7 

306 

34 

90.0 

10. 0 

82.3 

9.1 

301 

31 

90.7 

9.3 

81 . 1 
8.4 

92.2 

314 

100.0 

91.3 

340 

100.0 

91.4 

332 

100.0 

89.5 

7.8 

30 

8.7 

32 

8.6 

39 

10.5 

100.0 

344 

100.0 

372 

100.0 

371 

100.0 

>le  Dowti ' s cases  and  f.iflu'r.s  of  .uiiHtional  controls,  .i;;  wt'll  as  inatclu'd  pairs. 
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J 


TABLE  R-4 


lExposure  Status 


CURREOT  SERIES 


No  Exp.  Definitely  Prior 
Probably  No  Exposure 
Probably  Some  Exposure 
Exposed 


Known  Exposure  Status 
Unknown  Exposure  Status 
Total  Incl.  Unknown  Exp. 


[ORIGINAL  SERIES 


PATERNAL  RADAR  EXPOSURE  BEFORE  CONCEPTION  OF  INDEX  CHILD  (FROM  INTERl 


COMBINED  SERIES 

No  Exp.  Definitely  Prior 
Probably  No  Exposure 
Probably  Some  Exposure 

Exposed 

Known  Exposure  Status 
Unknown  Exposure  Status 
Total  Incl.  Unknown  Exp. 


Current,  Original,  and  Combined  Series 


Down's  Cases 


7o  Known  % Total 


Controls 


. % Known 

% Total 

71.7 

71.1 

0 

0 

7.1 

7.0 

21.3 

21.1 

No  Exp.  Definitely  Prior^ 

152 

78.4 

70.4 

166 

83.8 

76.9 

156 

Probably  No  Exposure 

0 

0 

0 

0 

0 

0 

0 

Probably  Some  Exposure 

4 

2.1 

1.9 

1 

0.5 

0.5 

5 

Exposed 

38 

19.6 

17.6 

31 

15.7 

14.4 

39 

Known  Exposure  Status 

194 

100. 1 

89.9 

198 

100.0 

91.8 

200 

Unknown  Exposure  Status 

22 

10.2 

18 

8.3 

22 

tal  Incl.  Unknown  Exp. 

216 

216 

222 

243 

75.7 

70.6 

257 

79.1 

74.7 

261 

3 

0.9 

0.9 

0 

0 

0 

5 

17 

5.3 

4.9 

10 

3.1 

2.9 

19 

58 

18.1 

16.9 

58 

17.8 

16.9 

62 

321 

100.0 

93.3 

325 

100.0 

94.5 

347 

23 

6.7 

19 

5.5 

25 

344 

344 

372 

Includes  fathers  of  additional  and  questionable  Down's  cases  and  fathers  of  additional  controls^a 


X None  reported  as  definitely  prior. 


DAR  EXPOSURE  BEFORE  CONCEPTION  OF  INDEX  CHILD  (FROM  INTERVIEW  AND/OR  NAS) 

Current,  Original,  and  Combined  Series 


Matched  Pairs 


Controls 


No.  7o  Known  % Total 


71.7 

71.1 

) 0 

0 

) 7.1 

7.0 

1 21.3 

21.1 

Down  s Cases 


Controls 

No. 

% Known 

% Total 

104 

72.7 

69.3 

0 

0 

0 

10 

7.0 

6.7 

29 

20.3 

19.3 

143 

100.0 

95.3 

7 

4.7 

150 

nable  Down's  cases  and  fathers  of  additional  controls ^as  well  as  matched  pairs. 
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TABLE  R-5 


TIME  OF  PATERNAL  RADAR  EXPOSURE  “ (FROM  INTERV. 


4 


Matched  Pairs 


Down's  Cases 

Controls 

Time  of  Radar  Exposure 

No. 

/o 

Known 

u 

Total 

No. 

7. 

Known 

% 

Total 

Relative  to  Conception 

CURRENT  SERIES 

None 

91 

75.8 

71.1 

90 

75,6 

70.3 

Before 

22 

18.3 

17.2 

25 

21.0 

19.5 

Before,  During,  After 

4 

3.3 

3.1 

3 

2.5 

2.3 

After 

3 

2.5 

2.3 

1 

0.8 

0.8 

Not  Definitely  Before© 

0 

0 

0 

0 

0 

0 

Before  and  After 

0 

0 

0 

0 

0 

0 

Total  Known 

120 

93.7 

119 

99.9 

93.0 

Unknown 

8 

6.3 

9 

7.0 

Total 

128 

100.0 

128 

100.0 

ORIGINAL  SERIES 

None 

129 

77.2 

59.7 

133 

85.3 

61.6 

Before 

28 

16.8 

13.0 

18 

11.5 

8.3 

Before,  During,  After 

3 

1.8 

1.4 

2 

1.3 

0.9 

After 

6 

3.6 

2.8 

2 

1.3 

0.9 

Not  Definitely  Before'* 

1 

0.6 

0.5 

0 

0 

0 

Before  and  After 

0 

0 

0 

1 

0.6 

0.5 

Total  Known 

167 

100.0 

77.3 

156 

100.0 

72.2 

Unknown 

49 

22.7 

60 

27.8 

Total 

216 

100.0 

216 

100.0 

C(»1BINED  SERIES 

None 

220 

76.7 

64.0 

223 

81.1 

64. 8 

Before 

50 

17.4 

14.5 

43 

15.6 

12.5 

Before,  During,  After 

7 

2.4 

2.0 

5 

1.8 

1.5 

After 

9 

3.1 

2.6 

3 

1.1 

0.9 

Not  Definitely  Before® 

1 

0.3 

0.3 

0 

0 

0 

Before  and  After 

0 

0 

0 

1 

0.4 

0.3 

Total  Known 

287 

99.9 

83.4 

275 

100.0 

80.0 

Unknown 

57 

16.6 

69 

20.1 

Total 

344 

100.0 

344 

100.1 

ijR  Considered  definite  and  probably  some  exposure. 

Includes  fathers  of  additional  and  questionable  Down's  cases  and  fathers  of  additional  co 
©Not  definitely  before  - During  year  of  conception,  exact  date  unknown,  but  not  definitely 


i TIME  OF  PATERNAL  RADAR  EXPOSURE**  (FROM  INTERVIEW) 

L 


[ Matched  Pairs 

Poole 

3 

f Dovm's  Cases 

No. 

Controls 

% 

Total 

1 Down's  Cases 

Iki. 

Controls 

% 

Tota  1 

No. 

% 

Known 

% 

Total 

Known 

lifl. 

% 

Known 

X 

Total 

% 

Known 

91 

75.8 

71.1 

90 

75,6 

70.3 

110 

78.0 

73.3 

105 

77.2 

22 

18.3 

17.2 

25 

21.0 

19.5 

24 

17.0 

16,0 

27 

19.9 

4 

3.3 

3.1 

3 

2.5 

2.3 

4 

2.8 

2.7 

3 

2.2 

3 

2.5 

2.3 

1 

0.8 

0.8 

3 

2.1 

2.0 

1 

0.7 

0.7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

120 

50 

93.7 

119 

99.9 

93,0 

141 

99.9 

94.0 

136 

100.0 

90.  7 

8 

6.3 

9 

7.0 

9 

6,0 

14 

9.3 

128 

100.0 

128 

100.0 

100.0 

150 

100.0 

129 

n.i 

59.7 

133 

85,3 

61.6 

133 

76.9 

59.9 

135 

83.9 

61.1 

28 

16.8 

13.0 

18 

11.5 

8,3 

30 

17.3 

13.5 

21 

13.0 

9.5 

3 

1.8 

1.4 

2 

1.3 

0.9 

3 

1.7 

1.4 

2 

1.2 

0.9 

6 

3.6 

2.8 

2 

1.3 

0.9 

6 

3.5 

2.7 

2 

1.2 

0.9 

1 

0.6 

0.5 

0 

0 

0 

1 

0.6 

0.5 

0 

0 

0 

0 

0 

0 

1 

0.6 

0,5 

0 

0 

0 

1 

0,6 

0.5 

167 

100.0 

77.3 

156 

100.0 

72.2 

173 

100.0 

78.0 

161 

99.9 

72.9 

49 

22.7 

60 

27,8 

49 

22.1 

60 

27.1 

216 

100.0 

216 

100,0 

222 

100.1 

221 

100.0 

220 

76.7 

64.0 

223 

81.1 

64.8 

243 

77.4 

65,3 

240 

80.8 

64.7 

50 

17.4 

14.5 

43 

15.6 

12.5 

54 

17,2 

14.5 

48 

16.2 

12.9 

7 

2.4 

2.0 

5 

1.8 

1.5 

7 

2.2 

1.9 

5 

1.7 

1.3 

9 

3.1 

2.6 

3 

1.1 

0.9 

9 

2.9 

2.4 

3 

1.0 

0.8 

1 

0.3 

0.3 

0 

0 

0 

1 

0,3 

0.3 

0 

0 

0 

0 

0 

0 

1 

0.4 

0.3 

0 

0 

0 

1 

0.3 

0.3 

" 287 

99.9 

83.4 

275 

100.0 

80.0 

314 

84.4 

297 

100.0 

80, 1 

57 

16,6 

69 

20.1 

58 

15.6 

74 

19.9 

344 

100.0 

344 

100.1 

372 

100.0 

371 

100.0 

(exposure. 

estlonable  Down's  cases  and  fathers  of  additional  controls,  as  well  as  matched  pairs, 
f conception,  exact  date  unknown,  but  not  definitely  before  conception. 


^ J 


0 0 


r 


TABLE 


TIME  OF  PATERNAL  RADAR  EXPOSURE®  (FROM  NAS) 
Current,  Original,  and  Combined  Scries 


TIME  OF  RADAR  EXPOSURE 

MATCHED  PAl 

.RS 

Down ' s 

Controls 

Dow 

No , 

% 

Known 

% 

Total 

No. 

% 

Known 

% 

Total 

No. 

7. 

Knoi 

CURRENT  SERIES 

None 

104 

91.2 

81.3 

104 

88.1 

81.3 

121 

91. 

Before  Conception 

10 

8.8 

7.8 

14 

11.9 

10.9 

12 

9. 

Bef ore-During-Af ter  Concep. 

0 

0 

0 

0 

0 

0 

0 

After  Conception 

0 

0 

0 

0 

0 

0 

0 

Not  Definitely  Before© 

0 

0 

0 

0 

0 

0 

0 

Total  Known 

114 

100.0 

89. 1 

118 

100.0 

92.2 

133 

IOOh 

Unknown 

14 

10.9 

to 

7.8 

17 

Total 

128 

100.0 

128 

100.0 

150 

ORIGINAL  SERIES 

None 

182 

89.  7 

84.3 

180 

91.8 

83.3 

185 

89^ 

Before  Conception 

20 

9.9 

9.3 

16 

8.2 

7.4 

21 

10,j 

Before-During-Af ter  Concep. 

1 

0.5 

0.5 

0 

0 

0 

1 

After  Conception 

0 

0 

0 

0 

0 

0 

0 

Not  Definitely  Before© 

0 

0 

0 

0 

0 

0 

0 

Total  Known 

203 

100.0 

94.0 

196 

100.0 

90.7 

207 

100, 

Unknown 

13 

6.0 

20 

9.3 

15 

Total 

216 

100.0 

216 

100.0 

222 

COMBINED  SERIES 

None 

2 86 

90.2 

83.1 

284 

90.5 

82.6 

306 

90. 

Before  Conception 

30 

9.5 

8.7 

30 

9.6 

8.7 

33 

9J 

Before-During-Af ter  Concep. 

1 

0.3 

0.3 

0 

0 

0 

1 

oj 

After  Conception 

0 

0 

0 

0 

0 

0 

0 

Not  Definitely  Before  © 

0 

0 

0 

0 

0 

0 

0 

Total  Known 

317 

100.0 

92.2 

314 

100.0 

91.3 

340 

100) 

Unknown 

27 

7.8 

30 

8.  7 

32 

Total 

344 

100.0 

344 

100.0 

372 

■ ..J 

Considered  definitely  exposed. 


Includes  fathers  of  additional  and  questionable  Dovm's  cases  and  fathers  of  additional  contrt 
Not  definitely  before  - During  year  of  conception,  exact  date  unknown,  but  not  definitely  b« 


n 


TIME  OF  PATERNAL  RADAR  EXPOSURE®  (FROM  NAS) 
Current,  Original,  and  Combined  Series 


FA 


Down' s 


% 

Known 


91.2 

8.8 

0 

0 

0 

100.0 


% 

Total 


81, 

7. 


89 
10.9 
100.0 


£2. 


Controls 


7.  7o 

No.  Known  Total 


104 

14 

0 

0 

0 

118 

>0 

128 


88.1 

11.9 

0 

0 

0 

100.0 


81.3 

10.9 

0 

0 

0 

92.2 

7.8 

100.0 


POOLED 


.€) 


Down'* 


No. 


% 

Known 


% 

Total 


■ Controls 


No, 


% 

Known 


121 

12 

0 

0 

0 

133 

17 

150 


91.0 

9.0 

0 

0 

0 

100.0 


80.  7 
8.0 
0 
0 
0 

88.7 

11.3 

100.0 


118 

15 

0 

0 

0 

133 

17 

150 


88.7 

11.3 

0 

0 

0 

100.0 


7„ 

Total 


78.7 
10.0 

0 

0 

0 

88.7 
11.3 

100.0 


89.7 

9.9 

0.5 

0 

0 

100.0 


84.3 

9.3 

0.5 

0 

0 

94,0 

6.0 

100.0 


180 

16 

0 

0 

0 

196 

20 

216 


91.8 

8.2 

0 

0 

0 

100,0 


83.3 

7.4 

0 

0 

0 

90.7 

9.3 

100,0 


185 

21 

1 

0 

0 

207 

15 

222 


89.4 

10.1 

0.5 

0 

0 

100.0 


83.3 

9.5 

0.5 

0 

0 

93.2 

6.8 

100.0 


183 

16 

0 

0 

0 

199 

22 

221 


92.0 

8.0 

0 

0 

0 

100.0 


82.8 

7.2 

0 

0 

0 

90.0 

10.0 
100.0 


90.2 

9.5 

0.3 

0 

0 

100.0 


83.1 

8.7 
0,3 

0 

0 

92.2 

7.8 

100.0 


284 

30 

0 

0 

0 

314 

30 

344 


90. 

9. 


100 


82.6 

8.7 

0 

0 

0 

91.3 
8.  7 
100.0 


306 

33 

1 

0 

0 

340 

32 

372 


90.0 

9.7 

0.0 

0 

0 

100.0 


82.3 
8,9 
0.0 

0 

0 

91.4 

8,6 

100.0 


301 

31 

0 

0 

0 

332 

39 

371 


90.7 

9.3 

0 

0 

0 

100.0 


81,1 

8.4 

0 

0 

0 

89.5 

10.5 

100.0 


questionable  Down's  cases  and  fathers  of  additional  controls,  as  well  as  matched  pairs, 
of  conception,  exact  date  unknown,  but  not  definitely  before  conception 


definitely  before  = During  year  of  conception,  exact  date  unknovm,  but  not  definitely  before  conception. 


Includes  fathers  of  additional  and  questionable  EXjwn's  and  fathers  of  additional  controls,  as  well  as  matched  pairs. 
Not  definitely  before  = During  year  of  conception,  exact  date  unknown,  but  not  definitely  before  conception. 


PATERNAL  HISTORY  OF  MILITARY  SERVICE  ON  SHIPBOARD  (FROM  INTERVIEW) 
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TABLE  R-9 


Time  Relative  to 
Index  Conception 


CURRENT  SERIES 
Prior 

Above  Deck 
Below  Deck 
Other  Times  Only 

Above  Deck 
Below  Deck 


No  Service  on  Ship© 
Total  Known 
Unknown  Time 
Above  Deck 
Below  Deck 
Unknown 
Total 


ORIGINAL  SERIES 
Prior 

Above  Deck 
Below  Deck 
Other  Times  Only 
Above  Deck 
Below  Deck  _ 

No  Service  on  Ship  O 
Total  Known 
Unknown  Time 
Above  Deck 
Below  Deck 
Unknown 
Total 


COMBINED  SERIES 
Prior 

Above  Deck 
Below  Deck 
Other  Times  Only 
Above  Deck 
Below  Deck 

No  Service  on  Ship  © 
Total  Known 
Unknown  Time 
Above  Deck 
Below  Deck 
Unknown 
Total 


PATERNAL  HISTORY  OF  MILITARY  SERVICE  ON  SHIPBOARD  (FROM  INTER 


Matched  Pairs 


Down' I 


14 

11.2 

10.9 

21 

17.2 

16.4 

16 

11.0 

10.7 

10 

8.0 

7.8 

7 

5.7 

5.5 

11 

7.5 

7.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.8 

0.8 

0 

e 

0 

1 

0.7 

0.7 

100 

80.0 

78.1 

94 

77.0 

73.4 

118 

80.0 

78.7 

125 

97.7 

122 

95.3 

146 

97.3 

0 

0 

1 

0.8 

0 

0 

0 

0 

0 

0 

0 

0 

3 

2.3 

5 

3.9 

4 

2.7 

128 

' 

128 

150 

0 0 

0 0 

135  87.7 

154 


I 


0 Includes  those  with  no  reported  military  service 

0 Includes  fathers  of  additional  and  questionable  Down's  cases  and  fathers  of  additional  controlj 

NOTE:  Time  of  radar  exposure  referred  to  as  "before", "af ter", "prlor'j  etc. refers  to  time  relative  I 
child  in  all  tabulations.  * 


maternal  history  of  military  SKKVICE  on  shipboard  (FROH  INTERVIEW) 


ched  Pairs 


Pooled 
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No. 

— y i.  y » a 

7,  Known 

7,  Total 

1.2 

10.9 

21 
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1.0 
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0 

0 

0 
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0.8 

0 

0 

0 
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0 

1 

0.8 

0 

0 

0 
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5 
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[ 

i.l 

6.5 

18 
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i 

2.3 

5 

3.0 

2.3 

0 

0 

0 

0 

0 

1 

0.6 

0.5 

.7 

62.5 

141 

85.5 

65.3 

71.3 

165 

76.4 

1 

0 

0 

0 

[ 

0 

0 

0 

28.  7 

51 

23.6 

216 

,0 

8.1 

39 

13.6 

11.3 

4 

4.4 

12 

4.2 

3.5 

6 

1 

0.3 
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4 

0.3 

0 

0 

0 

^2 
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81.9 

68.3 

r 

81.1 
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83.4 

r 

0 

< 

0.3 

1 

0 

0 

0 

1 

18,9 

56 

16,3 
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Itary  service 

questionable  Down's  cases  and  fathers  of  additional  controls,  as  well  as  matched  pairs, 
to  as  "before"  ,"af  ter" , "prlor'j  etc,  refers  to  time  relative  to  conception  of  index 


tabu:  r-10 


PATERNAL  HISTORY  OF  WORK  WITH  RADAR  B 
Matched  Pairs  of  Current,  Oq 
Pooled  Fathers  o^ 


[SERIES' 


Time  Relative  to 
Index  Conception 
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Reoair  1 

1 Maintain 

j 
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1 Controls  1 

Cases 

f Controls  1 

Cases  i 

No. 

% 
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% 
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% 7. 

Known  Total 
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7o 
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% 
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7o 
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3® 
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4.9 

i 

4.7  ] 

3® 
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4.1 

3.9 

70 

5.6 

0 

0 

0 

0 

0 

0 1 

0 

0 

0 

0 

0 

0 

0 

0 
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97.6 

94.5 
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95.1 

91.4 
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97.6 

94.5 

118 

95.9 

92.2 
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94.4 

91 

124 

96.9 
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96. 1 

124 

96.9 
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96. 1 
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4 
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5 

3.9 

4 

3.1 

5 

3.9 

4 

3; 
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5® 

P 
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0.5 

i 
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0.9 
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3 
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0.5 

0 

0 

0 

0.5 
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0 

0 

0 
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0 
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88.4 
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96.3 
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95.5 
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91.7 
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97.2 
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91.7 
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97.2 
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18 

8.3 

6 

2.8 

18 

8.3 

6 

2.8 

16 

7J 

216 
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1® 
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7® 

2.1 
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10 
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2.6 

7® 
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1® 

4.6 

4 

0.3 

0.3 

0 

0 

0 

0.3 

0.3 

0 

0 

0 
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0: 
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97.2 

91.0 

32(^97.9 

94.8 
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96.9 

90.7 
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97.9 

94.8 
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95. 1 

89, 
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93.6 

333 

96.8 
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93.6 

333 

96.8 

324 

94.1 

22 

6.4 

11 

3.2 

22 

6.4 

11 

3.2 

20 
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1 

# 
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4.0 

30 
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2.0 

50 
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70 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 
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94.7 
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97.9 

94.7 

135 
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95.2 
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96.7 
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93.3 
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5 

3.3 

10 

6.7 

5 
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10 

6.7 

5 

33 

1 
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150 
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J 

MATCHED  PAIRS 
CURRENT  SERIES 
Prior 

Other  Times  Only 
None  O 
Total  Knovm 
Unknown 
Total 


ORIGINAL  SERIES 
Prior 

Other  Tinea  Only 
None  O 
Total  Known 
Unknown 
Total 


CWIBINED  SERIES 
Prior 

Other  Times  Only 
None  O 
Total  Known 
Unknown 
Total 


POOLED  FATHERS  ^ 
CURRENT  SERIES 
Prior 


Other  Timed  Only|| 
None  O 


Total  Known 
Unknown 
cal 


Includes  those  with  no  reported  military  service. 

Includes  those  with  exact  type  of  work  undefined. 

Includes  fathers  of  additional  and  questionable  Down ' s cases  and  fathers  of  additional  ciJntrols 
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7. 
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7. 
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0 
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7. 
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2^ 
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96.8  ; 322 


93.6  333 
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138  95.2 
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5 
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3.4  3.3  6'C 

0.7  0.7  0 

95.9  92.7  134 
96.7  140 
3.3  I 10 


4.3  4.0 

0 0 
95.7  89.3 
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7, 
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% 
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7. 
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7o 
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2 
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0 

0 

I 

0 

0 

0 

0 

0 

0 

0 
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95.3 
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96.1 
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96.  9 
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96.  1 

4 
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5 

3.9 
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2.5 

2.3 

1 

0.  5 

0.5 

0.  5 

0.5 

0 

0 

0 

194 

97.0 

89.8 

209 

99 . 5 

96.8 

200 

92.6 

210 

97.2 

16 

7.4 

6 

2.8 

216 

216 

7® 

2.2 

2.0 

1 

0.3 

0.3 

0.3 

0.3 

0 

0 

0 

310 

97.  5 

91.9 

332 

99.7 

96.5 

324 

94.2 
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96.  8 

20 

5.8 

11 

3.2 
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2 

1.4 

1.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

143 

98.  6 

95.3 
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96.7 
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5 

3.3 

10 

6.7 
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__J 
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I 

j 

TABT"  R-11 

PATERNAL  HISTORY  OF  WORK  WITH  MICROWAVE  B 


SERIES 

1 Reoair 

Maintain 
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Time  Relative  to 
Index  Conception 
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1 Controls 

' Cases 

1 Controls 

Casefl 

% 

. No.  Known 

% 
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No. 

% 

Known 
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Total 

No. 
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7. 
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% 
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% 
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0 
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1 

0.8 

0.8 
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1.6 
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0.8 

0.8 
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0.8 

0.8 
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0 
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0 

0 

0 
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96.1 
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96.1 
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96.1 
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3.9 
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3.9 
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3.9 
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5 
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Other  Times  Only 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 1 

None  O 

194 

98.0 

89.8 

207 

99,5 

95.8 

194 

98.0 

89.8 

207 

99.5 

95.8 

195 

98,51 
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18 

Total 

216 

216 

216 
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m 
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321 

93.3 
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93.3 
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96.2 
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23 
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6.7 
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23 
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6 
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r\  Includes  those  with  no  reported  mllltevy  service. 

0 Includes  those  with  exact  type  of  work  undefined, 

0 Includes  fathers  of  additional  and  questionable  Down's  cases  and  fathers  of  additional  controlsu, 


i 

t 

t 

i 

IniH  MICROWAVE  IN  MILITARY  SERVICE  (FROM  INTERVIEW) 
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onal  controls,  as  well  as  matched  pairs 


TABLE  R-12 


PATERNAL  HISTORY  OF  WORK  WITH  ELECTRONIC  P 


SERIES 

Time  Relative  to 
Index  Conception 
MATCHED  PAIRS 
CURRENT  SERIES 
Prior 

Other  Times  Only 
None  © 

Total  Known 

Unknown 

Total 

ORIGINAL  SERIES 
Prior 

Other  Times -Only 

None  O 

Total  Known 
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Total 

COMBINED  SERIES 
Prior 

Other  Times  Only 
None 

Total  Known 
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Total 


POOLED  FATHERS 


d) 


CURRENT  SERIES 
Prior 

Other  Tiijies  Only 
None  O 


Total  Known 

Unknown 

Total 


Renair 

Maintain 

Cases 

Controls 
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Controls 

C. 

% 

No.  Known 

% 
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No. 

7, 

Known 

7o 

Total 

No. 

7. 

Known 

7c 
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7o 

No.  Known 

7c 

Total 

No.  Kn 

4.2 

3.9 

6® 

4.9 

4.7 

4® 

3.3 

3.1 

6® 

4.9 

4.7 

4®  : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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95.8 

89.8 
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95.1 

91.4 
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96.7 

90.6 
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95.1 

91.4 

116  9 

120 

93.8 

123 

96.1 

120 

93.8 

123 

96,1 
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8 

6.2 

5 

3.9 

8 

6.2 

5 

3.9 

8 

12  8 

12  8 
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6® 
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2.8 

1 
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0.4 
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3 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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98 
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57.9 
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44.9 
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97.6 

56.9 

97  9: 
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58.3 
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48.1 
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51.9 
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41.7 
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51.9 

90 

41,7 
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7® 
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11® 

4.9 

3.2 

9® 

3.6 

2.6 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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61.9 
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95.1 

61.9 
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69.8 
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65.1 
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72.4 
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65.1 
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72,4 
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34.9 

95 

27.6 
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34.9 

95 

27.6 
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6® 

4.3 

4.0 

4.3 

4.0 

4 
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4.0 

4®  : 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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95.7 

90.0 
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95.7 

89.3 
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97.2 

91.3 
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95.7 

89.3 

137  9 

141 

94.0 

140 

93.3 

141 

94.0 

140 

93.3 

141 

9 

6.0 

10 

6.7 

9 

6.0 

10 

6.7 

9 

150 

150 

150 

150 

150 

Includes  those  with  no  reported  military  service. 

Includes  those  with  exact  type  of  work  undefined. 

Includes  fathers  of  additional  and  questionable  Down's  cases  and  fathers  of  adiitlonal  contro 


:ONIC  PRODUCTS  IN  MILITARY  SERVICE  (FR«1  INTERVIEW) 
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ri  Operate  I 

Test 

Other  Work  1 
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Controls 
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t No,  Known 

7. 
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% 
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7o 
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7. 

No.  Known 

7o 

Total 
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% 
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7. 
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7, 

No.  Known 

7. 
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% 
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7. 
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3.1 
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7.0 

2® 
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6® 
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1 

0.8 

0.8 

0.8 

0.8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.8 

0.8 

0 

0 

0 

0 

0 

0 
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90.6 
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93.0 
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95.3 
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96.1 
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93.8 
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93.8 
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8 
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5 

3.9 

8 
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5 

3.9 

8 
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5 

3.9 
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7® 
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5 
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4® 
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0.8 
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TABLE  R-13 


PATERNAL  HISTORY  OF  WORK  WITH  RADIO  COMMU 


SERIES 

Tiisc  Relative  to 
Index  Conception 


MATCHED  PAIRS 


CURRENT  SERIES 
Prior 

Other  Times  Only 
None  O 
Total  Known 
Unknown 
Total 

ORIGINAL  SERIES 
Prior 

Other  Times  Only 
None  O 
Tceal  Known 
Unknown 
Total 

COMBINED  SERIES 
Prior 

Other  Times  Only 
None 

Total  Known 

Unknown 

Total 

. I ■ ■ 

POOLED  FATHERS  ^ 

CURRENT  SERIES 
Prior 

Other  Times  Only 
None  © 

Total  Known 

Unknown 

Total 


Cases 


% 


Contro  L s 


iNo. 

% % 
Known  Total 

5 

4.1  3.9 

0 

0 0 

118 

95.9  92.2 

123 

96.1 

5 

128 

3.9 

Maintain  


Cases  Controls 


% % 

No.  Known  Total 


2.5 
0 0 
158  97.5 


12®  8.3 
0 0 


31.51  54 

I2I6 


1 

0.4 

0 0 

u 1 

0.4 

U.3 

0 

252 

93.0 

73.3  276  96.8 

80.2  248 

91.5 

72.1 
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271 

78.8  285 

82.8  271 

78.8 
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73 

21.2  59 

17.2  73 

21.2 

59 

344 

344 
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135  96.4 

90. C 132  91.7 

88.0 
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140 

93.3  144 

96.0 
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10 
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4.0 

10 

150 
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150 

2C^  16. 

1 0. 
102  82 . 
123 
5 

128 

13f^  8.7 
1 0.7 

135  90.6 


33  12.1 


79.9  237 

82.8  272 


21® 14.1 

1 0.1 

122  84.1 
144 
6 

150 


Includes  tho.se  with  no  reported  military  service. 

Includes  those  with  exact  type  of  work  undefined. 

Includes  fathers  of  additional  and  questionable  Down's  cases  and  fathers  of  additional  controls,  4 


CO  ^ 


( 


TH  RADIO  COMMUNICATIONS  GEAR  IN  MILITARY  SERVICE  (FROM  INTERVIEW) 


Test 


Co 


% 7.  % °L 

No.  Known  Total  No.  Known  Total 


1 Operate 

] 

Cases 

Controls  || 

7, 

No.  Known 

-k 

Total 

7, 

No.  Known 

7. 

Total 

2^ 

16.3 

15.6 

13 

10.6 

10.2 

1 

0.8 

0.8 

0 

0 

0 1 
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82.9 

79.7 
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89. A 

85.9 

123 

96.1 
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5 

3.9 
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0 
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152 
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5A 
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216 

33 

12.1 

9.6 
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8.1 

6.7 

2 

0.8 

0.6 

0 

0 

0 

237 

87.1 

68.9 
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91.9 

76.2 

272 

79.1 
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82.8 

I 72 

20.9 

59 

17.2 
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3AA 

21® 

1A.6 

lA.O 

13 

9.3 

8.7 

1 

0.7 

0.7 

0 

0 

0 

122 

8A.7 

81.3 

127 

90.7 

84. 7 

lAA 

96.0 

lAO 

93.3 

6 

A.O 

10 

6.7 
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I 

150 



J 

hal  controls,  as  well  as  matched  pairs. 


Other  Work 


Known  Total 


7o  % 
Known  Total 


123  100.0  96.1  123  100.0 

123  96.1  123 

5 3.9  5 
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0 
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0 
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98.0 

67.6  1 
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69.0  1 
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31.0  j 
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0 
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144 
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144 
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TABLE  R-14 


MATCHED  PAIRS 
CURRENT  SERIES 
Yes 
No  © 

Total  Known 

Unknown 

Total 


ORIGINAL  SERIES 
Yes_ 

No  O 

Total  Known 

Unknown 

Total 


COMBINED  SERIES 
Yes 
No  O 

Total  Known 

Unknown 

Total 


1-OOLED  FATHERS  ' 
CURRENT  SERIES 
Yes 
No  'J 

Total  Known 

Unknown 

Total 


PATERNAL  HISTORY  OF  WORK  INVOLVING  SPECIAL  SITES  AND/OR  EQUIPMEMT  IN  MILITARY 


Ever  stationed  at 
air  field? 


Controls 


% 7, 

No.  Known  Total 


21.1  20.3 
78.9  75.7 
96.1 
3.9 


23  18.7 

100  81.3 

123 
5 

128 


15.7  11.1 
84.3  59.7 
70.8 
29.2 


50  18.1  14.5 

226  81.9  65.7 

276  80.2 

68  19.8 

344 


14.5  45  15.9  13.1 

65.7  238  84.1  69.2 

80.2  283  82.3 

19.8  61  17.7 

344 


21.0  20.0 
79.0  75.3 
95.3 
4.7 


o Includes  those  with  no  reported  military  service. 


Ever  stationed  at 
radar  park? 


Controls 


% X 


No.  Known  Total  No.  Known  Total 
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1.8 

98.2  7 


Includes  fathers  of  additional  and  questionable  Down's  cases  and  fathers  of  additional  contro 


S SPECIAL  SITES  AN1)/0R  EQUIPMENT  IN  MILITARY  SERVICE  (FROM  INTERVIEW) 
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radar  parjc? 
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m's  cases  and  fathers  of  additional  controls,  as  well  as  matched  pairs. 


PATERNAL  HISTORY  OF  WORK  IN/NEAR  RADAR, MI CROWAVE , X-RAY  (FROM  INTERVIEW) 
TABLE  R-15A  Prior  to  Conception  of  Index  Child 
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TABLE  R-15B  PATERNAL  HISTORY  OF  WORK  IN/NEAR  RADAR,  MICROWAVE,  X-RAY  (FROM  INTERVIEW) 
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TABLE  MS -2 


Time  Relative 
To  Conception 
Of  Index  Child 


Prior 


Down' s Cases 
Controls 


Durlne  Year 


Down' s Cases 
Controls 


Prior  + Durin 


Down' s Cases 
Controls 


After 


Down' s Cases 
Controls 

In  Service, 
Period  Unknown 


Down' s Cases 
Controls 

Total  Known  to  be 
n this  Branch 


Down's  Cases 
Controls 

Not  in  this  Branch 


HISTORY  OF  MILITARY  SERVICE  OF  FATHERS  BY  BRANCH  OF  SERVICE  (FROM  I 
Matched  Pairs  Current  Series 

NA^  MARINE  CORPS 

t t ^ 

in  °/o  in  7.  in 

7o  in  this  7.  in  this 

No,  Known  Service  Branch  No.  Kno%m  Service  Branch  • 


100.0 

100.0 


0 0 
0 0 


100.0 

100.0 


0 0 
0 0 


0 0 
0 0 


88  68.8 

82  64.1 


100.0 

100.0 


100.0 

100.0 


100.0  13 

100.0  12 


Down's  Cases 
Controls 

Grand  Total 


Down's  Cases 
Controls 


^ No  fathers  are  of  unknown  military  service  status 

A During  year  of  conception,  exact  date  unknown,  either  prior  to  or  after  conception  of  index  child. 

0 7 Known  ~ thi-^  branch  in  specified  time  period 

total  with  known  service  status  , Down's  Cases  = 128,  Controls  - 128 

® 7 in  Service  this  branch  In  specilied  time  period 

’ total  known  to  be  in  any  branch  of  service,  Down's  Cases  93,  Controls  - 91 

A ..  . „ . - # in  this  branch  in  soccifled  time  period 

/.  in  this  Branch  - ^ _ V t r — r — ; — — r r — ^ 1 — . 1 — ^ ^ 7 T" 

total  known  to  be  in  this  branch  of  service,  e.g.  Army:  Down  3 Cases  r 50,  Controls 


CS  (ntCM  INTEKVIEW) 


Current  Series 


MARINE  CORPS 


% In 

In  this 

I Service  Branch 


AIR  CORPS 


7. 

X In  % in 

X in  this  X in  this 

^o-Kno<m  Service  Branch  Kncwn  Service  Branch 


100.0 

100.0 


100.01  13 
12 


80  62.5  86.2 
79  61.7  86.8 


100.0 

100.0 


100.0  0 

100.0  2 


ary  service  status 


MTIONAL  GUARD 


No. Known  Service  Branch 


2.2  66.7 

3.3  100.0 


2.2  66.7 

3.3  100.0 


100.0 

100.0 


of  index  child. 


Is  .=  91 

Cases  - 50,  Controls  —40;  Navy:  Down's  Cases  •=■25,  Controls  ® 25,  etc 


128 


f 


TABLE  MS -3 


HISTORY  OF  MILITARY  SERVICE  OF  FATHERS 
Matched  Pairs 


BY  BRANCH  OF  SERVICE  (FROM  INTERVl 
Original  Series 


ARMY 

1 NAVY 

MARINE  CORPS 

Time  Relative 

To  Conception 

Of  Index  Child 

No. 

„ G 

Known 

7o 

""  0 
Service 

7o 

in 

this  ^ 
Branch 

No. 

7. 

Known 

7o 

in 

Service 

7o 

in 

this 

Branch 

No. 

7o 

Known 

7. 

in 

Service 

7o 

in 

this 

Branch 

Prior 

Down's  Cases 

6? 

32.2 

50.7 

95.8 

37 

17.5 

27.6 

100.0 

8 

3.8 

6.0 

100.0 

Controls 

60 

28.0 

49.2 

100.0 

36 

16.8 

29.5 

100.0 

3 

1.4 

2.5 

100.0 

During  Year^ 

Down' s Cases 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Controls 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Prior  + During 

Down's  Cases 

68 

32.2 

50.7 

95.8 

37 

17.5 

27.6 

100.0 

8 

3.8 

6.0 

100.0 

Controls 

60 

28.0 

0 

100.0 

36 

16.8 

29.5 

100.0 

3 

1.4 

2.5 

100.0 

After 

Down' s Cases 

3 

1.4 

2.2 

4.2 

0 

0 

0 

0 

0 

0 

0 

0 

Controls 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

In  Service, 

Period  Unknown 

Down' s Cases 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Controls 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Known  to  be 

in  this  Branch 

Down' s Cases 

71 

33.6 

53.0 

100.0 

37 

17.5 

27.6 

100.0 

8 

3.8 

6.0 

100.0 

Controls 

60 

28.0 

49.2 

100.0 

36 

16.8 

29.5 

100.0 

3 

1.4 

2.5 

100.0 

Not  in  this  Branch 

t 

1 

1 

Down's  Cases 

63 

29.9 

47.0 

97 

46.0 

72.4 

126 

59.7 

94.0 

Controls 

62 

29.0 

50.8 

86 

40.2 

70.5 

119 

55.6 

97.5 

Uc  Milit.Serv. 

Down's  Cases 

77 

77 

77 

Controls 

92 

92 

92 

Grand  Total 

Do-.t.’s  Cases 

216 

216 

216 

Controls 

216 

216 

216 

5 case  fathers  and  2 control  fathers  are  of 


o 

© 


During  year  of  conception,  exact  date  unknown,  either  prior  to  or  after  conception  of  inde; 
7 Known  ~ this  branch  in  specified  time  period 

to'al  with  known  service  status  ’ 


(5  case  fathers  & 2 control  fathers  a: 


- '''  in  this  branch  in  specified  Lime  period 
in  Service  - ' r ' 


total  known  to  be  in  any  branch  of  service^  Down's  Cases  = 134,  Controls 

m . . . _ , _ # in  this  branch  in  specified  time  period 

/o  in  this  Brancn  = ^ ' ' 


j|Ota^J<nojg^^c^jb^^^^n^^UT£s_branch^£  senrj^,  e.g..  Army;  Down's  Cas^ 


4i^_C(21i£S. 


P^^KViUE  (PROM  lOTERVTEM) 

Iglnal  Series 

_ MARINE  CORPS  ' 

% 

% in 

7,  in  this 


6.0  100.0  19  9.0  14.2  100.0 

2.5  100.0  18  8.4  14.8  100.0 


NATTONAl.  OmirD 


0.8  100.0 

4.1  100. 0 


3.8  6.0  100.0  19  9.0  14.2  100.0  1 0.5 

1.4  2.5  100.0  18  8.4  14.8  100.0  5 2.3 


100.0 

100.0 


0 0 

0.8  100.0 


100.0 

0 


100.0 

100.0 


100.0  1 

100.0  5 


100.0 

100.0 


100.0 

100.0 


9.7  94.0 

5.6  97.5 


115  54.5  85.8 
104  48.6  85.2 


133  63.0  99.3 
117  54 . / 95.9 


133  63.0  99  3 
121  56.5  93.- 


control  fathers  are  of  unknown  military  status  ■ — - 

'ter  conception  of  index  child. 

& 2 control  fathers  are  of  unknown  military  status)^  ^wn' s Cases  =211  Contrc  1 s = 2 1- 
ises  = 1-34  j Controls  ’ 122 

L,  Army:  IJown'.s  Cases  c 71,  Controls  = 60*,  Navy:  Down's  Cases  37,  'Controls  = 36 


etc . 


TABLE  MS -4 


HISTORY  OF  MILITARY  SERVICE  OF  FATHERS  BY  BRANCH  OF  S 


Matched  Pairs  Current  & Ori^ 


ARMY 

NAVY 

1 MARINE  CORPS 

AIR 

Time  Relative 

7o 

7o 

in 

7o 

% 

in 

7, 

% 

in 

to  Concept,  of 
Index  Child 

No. 

7 

° 0 
Known 

in  ^ 
Service 

> thi^ 
Branch 

7o 

Nq  Known 

in 

Service 

this 

Branch 

No. 

7o 

Knovrn 

in 

Service 

this 

Branch 

No, 

% 

Known  Sei 

Prior 

Down's  Cases 

116 

34.2 

51.1 

95.9 

62 

18.3 

27.3 

100.0 

13 

3.8 

5.7 

100.0 

32 

9.4  ! 

Controls 

99 

29.0 

46.5 

99.0 

61 

17.8 

28.6 

100.0 

12 

3.5 

5.6 

100.0 

30 

8.8  : 

During  Yr.  ^ 
Down's  Cases 

1 

0.3 

0.4 

0.8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Controls 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Prior  & During 

Down's  Cases 

117 

34.5 

51.5 

96.7 

62 

18.3 

27.3 

100.0 

13 

3.8 

5.7 

100.0 

32 

9.4  : 

Controls 

99 

29.0 

46.5 

99.0 

61 

17.8 

28.6 

100.0 

12 

3.5 

5.6 

100.0 

30 

8.8 

After 

1 

Down's  Cases 

3 

0.9 

1.3 

2.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Controls 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

In  Service^ 
Period  Unknown 

Down's  Cases 

1 

0.3 

0.4 

0.8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Controls 

1 

0.3 

0.5 

1.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Known 
in  this  Branch 

Down's  Cases 

121 

35.7 

53.3 

100.0 

62 

18.3 

27.3 

100.0 

13 

3.8 

5.7 

100.0 

32 

9.4 

Controls 

100 

29.2 

46.9 

100.0 

61 

17.8 

28.6 

100.0 

12 

3.5 

5.6 

100.0 

30 

8.8 

Not  in  this  Br. 

Down's  Cases 

106 

31.3 

46.7 

165 

48.7 

72.7 

214 

63.1 

94.3 

195 

57.5  1 

Controls 

113 

33.0 

53.1 

152 

44.4 

71.4 

201 

58.8 

94.4 

183 

53.5  i 

Unknown  Serv. 
Status 

Down's  Cases 

5 

5 

5 

5 

Controls 

1 

2 

2 

2 

2 

No  Milit.Serv. 

Down's  Cases 

112 

112 

112 

112 

Controls 

129 

129 

129 

129 

Grand  Total 

Down's  Cases 

344 

344 

344 

344 

Controls 

344 

344 

344 

344 

A During  year  of  conception,  exact  date  unknown^ either  prior  to  or  after  conceptl 

O 7o  Known  r # in  this  branch  in  specified  time  period  

total  with  known  service  status  > Down's  Cases  r 339, 

® 7o  in  Service  = # in  this  branch  in  specified  time  period  _________ 

total  known  to  be  in  any  branch  of  service,  Down's  Cases  a 

0 7o  in  this  Branch  r # in  this  branch  in  specified  time  period  __ 


Total  known  to  be  in  this  branch  of  service,  e.g.  Army:  Dov 


HRY  SERVICE  OF  FATHERS  BY  BRANCH  OF  SERVICE  (FROM  INTERVIEW) 
^hed  Pairs  Current  & Original  Series  Combined 


MARINE  CORPS 


AIR  CORPS 


COAST  GUARD 


NATIONAL  GUARD 


No* Known  Service  Branch! No. Known  Service  Branch  No  Knoxm  Service  Branch  No.  Known  Service  Branch 


, either  prior  to  or  after  conception  of  index  child 
e oeriod 


s > Down  8 Cases  z 339,  Controls 

ed  time  period 


branch  of  service,  Down  s Cases  = 227 j Controls  z 213 

ified  time  period 

is  branch  of  service,  e.g.  Army:  Down's  Cases  - 121,  Controls  " 100;  Navy:  Down's  Cases  * 62 

Controls^  61,  etc 


00 


1-1  ’ON 


o 


m 

•si-  ( 

• 

• 

o 

m 

CO  ' 

o 

e 

i-H 

I— 1 

cn 

m , 

• 

• 1 

• 

On 

o 

m 

in 

00 

^ 1 

ON 

CVJ 

C'4 

Includes  fathers  of  additional  & questionable  Down's  cases  and  fathers  of  additional  controls,  as  well  as  matched  pairs 


r 


lABLE  MS-6 ■ 

HISTORY  OF  MILITARY  SERVICE  OF  FATHERS  BY  BRANCH  ( 


Matched  Pairs  Currei 


ARMY 

NAVY 

MARINE  CORPS 

MR  CORPS  i 

Time  Relative 

r 

% Knowt^^ 

% Known 

% Known 

7„  Known 

to  Conception 

in  this 

7o 

in  this 

7o 

in  this 

7. 

in  this 

7. 

of  Index  Child 

No. 

Branch 

Total 

No. 

Branch 

Total 

%i. 

Branch 

Total 

No. 

Branch 

Total 

Prior 

Down's  Cases 

48 

100.0 

37.5 

25 

100.0 

19.5 

4 

100.0 

3.1 

7 

100.0 

5.5 

Controls 

44 

100.0 

34.4 

20 

100.0 

15.6 

8 

100.0 

6.3 

6 

100.0 

4.7 

During  Yr.'-^ 
Do\>m's  Cases 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Controls 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Prior  & Durin 
Down's  Cases 

& 

48 

100.0 

37.5 

25 

100.0 

19.5 

4 

100.0 

3.1 

7 

100.0 

5.5 

Controls 

44 

100.0 

34.4 

20 

100.0 

15.6 

8 

100.0 

6.3 

6 

100.0 

4.7 

After 

Down's  Cases 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Controls 

In  Service, 
Period  Unknown 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Down's  Cases 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Controls 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Tot.  Known 
in  this  Branch 

Down's  Cases 

48 

100.0 

37.5 

25 

100.0 

19.5 

4 

100.0 

3.1 

7 

100.0 

5.5 

Controls 

44 

100.0 

34.4 

20 

100.0 

15.6 

8 

100.0 

6.3 

6 

100.0 

4.7 

No  Record  of 
Service, 

This  Branch 

Down's  Cases 

80 

62.5 

103 

80.5 

124 

96.9 

121 

94.5 

Controls 

84 

65.6 

108 

84.4 

120 

93.8 

122 

95.3 

Total 

Down's  Cases 

128 

100.0 

128 

100.0 

128 

100.0 

128 

100.0  , 

1 Controls 

128 

100.0 

128 

100.0 

128 

100.0 

128 

100.0 

^During  year  of  conception,  exact  date  unknown,  either  prior  to  or  after  conception  of  index 
0 Calculated  using  as  the  denominator  the  number  of  fathers  whose  service  in  a particular  brai 


HISTORY  OF  MILITARY  SERVICE  OF  FATHERS  BY  BRANCH  OF  SERVICE  (FROM  NAS) 
Matched  Pairs  Current  Series 


MARINE  CORPS 


AIR  CORPS 


COAST  GUARD 


Known 


% Known 
in  this 
No.  Branch 


100.0 

100.0 


% Known 
7o  in  this 

Total  No.  Branch 


100.0 

100.0 


7o  Known 
7o  in  this 

Total  No.  Branch 


0 

100.0 


7. 

Total 


100.0 

100.0 


7 100.0 

6 100.0 


0 

100.0 


100.0 

100.0 


100.0 

100.0 


0 

100.0 


80.5  124 
84.4  120 


128 
100.0  1128 


96.9  121 
93.8  122 


128 
100.0  1128 


94.5  128 
95.3  126 


100.0  128 

100.0  128 


100.01128 


NATIONAL 

GUARD 

7.  Known 
in  this 

7. 

No 

. Branch 

Total 

2 

100.0 

1.6 

2 

100.0 

1.6 

0 

0 

0 

0 

0 

0 

2 

100.0 

1.6 

2 

100.0 

1.6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

100.0 

1.6 

2 

100.0 

1.6 

126 

98.4 

126 

98.4 

128 

100.0 

TABLE  MS -7 


HISTORY  OF  MILITARY  SERVICE  OF  FATHERS  BY  BRANCH  OF  SERVICE 

Matched  Pairs  Original  Series 


1 Mm 

MVY 

MARINE  CORPS 

[ AIR  CORPS 

O 

% Known 

7o  Known 

% Known 

% Known 

■ 

^k). 

in  this 

7o 

in  this 

7 

/o 

in  this 

7o 

in  this 

7o 

Branch 

Total 

Ko, 

Branch 

Total 

No. 

Branch 

Total 

No. 

Branch 

Total 

BE 

80 

97.6 

37.0 

35 

100.0 

16.2 

8 

100.0 

3.7 

4 

100.0 

1.9 

1 

63 

98.4 

29.2 

31 

100.0 

14.4 

2 

100.0 

0.9 

7 

100.0 

3.2 

4! 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

(V 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

a 

1 

80 

97.6 

37.0 

35 

100.0 

16.2 

8 

100.0 

3.7 

4 

100.0 

1.9 

63 

98.4 

29.2 

31 

100.0 

14.4 

2 

100.0 

0.9 

7 

100.0 

3.2 

1 

1 

1.2 

0.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1.6 

0.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1.2 

0.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

j 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

82 

100.0 

38.0 

35 

100.0 

16.2 

8 

100.0 

3.7 

4 

100.0 

1.9 

1 

64 

100.0 

29.6 

31 

100.0 

14.4 

2 

100.0 

0.9 

7 

100.0 

3.2 

134 

62.1 

181 

83.8 

208 

96.3 

212 

98.2 

215: 

152 

70.4 

185 

85.7 

214 

99.1 

209 

96.8 

212, 

216 

100.0 

216 

100.0 

216 

100.0 

216 

100.0 

216 

216 

100.0 

j 

216 

100.0 

216 

100.0 

216 

100.0 

216 

Time  Relative  to 
Conception  of 
Index  Child 


Prior 


Down's  Cases 
Controls 


During  Yr.® 
Down's  Cases 
Controls 


Prior  & During 


Down's  Cases 
Controls 


After 


Down's  Cases 
Controls 


In  Service. 
Period  Unknown 


Down's  Cases 
Controls 


Total  Known 


in  this  Branch 


Down's  Cases 
Controls 


No  Record  of 


Service. 


This  Branch 


Down's  Cases 
Controls 


Total 


Down's  Cases 
Controls 


® During  year  of  conception,  exact  date  unknown,  either  prior  to  or  after  conception  of  index  chU 
O Calculated  using  as  the  denominator  the  number  of  fathers  whose  service  in  a particular  branch  6 


I OF  MILITARY  SERVICE  OF  FATHERS  BY  BRANCH  OF  SERVICE  (FROM  NAS) 
f Matched  Pairs  Original  Series 


E ; 

AIR  CORPS 

1 COAST  GUARD 

NATIONAL  GUARD 

[own 

% Known 

7o  Known 

% Known 

% Known 

fhis 

% 

in  this 

% 

in  this 

% 

in  this 

7o 

in  this 

Vo 

Total 

No. 

Branch 

Total 

No. 

Branch 

Total 

No. 

Branch 

Total 

No- Branch 

Total 

1 

16.2 

8 

100.0 

3.7 

4 

100.0 

1.9 

1 

100.0 

0.5 

0 

0 

0 

►.0 

14.4 

2 

100.0 

0.9 

7 

100.0 

3.2 

4 

100.0 

1.9 

1 

100.0 

0.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

).o 

16.2 

8 

100.0 

3.7 

4 

100.0 

1.9 

1 

100.0 

0.5 

0 

0 

0 

14.4 

2 

100.0 

0.9 

7 

100.0 

3.2 

4 

100.0 

1.9 

1 

100.0 

0.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

b.o 

16.2 

8 

100.0 

3.7 

4 

100.0 

1.9 

1 

100.0 

0.5 

0 

0 

0 

b.o 

14.4 

2 

100.0 

0.9 

7 

100.0 

3.2 

4 

100.0 

1.9 

1 

100.0 

0.5 

83.8 

208 

96.3 

212 

98.2 

215 

99.5 

216 

100.0 

85.7 

214 

99.1 

209 

96.8 

212 

98.2 

215 

99.5 

100.0 

216 

100.0 

216 

100.0 

216 

100.0 

i 

j. 

100.0 

216 

100.0 

216 

100.0 

216 

100.0 

m 

IHi 

toown,  either  prior  to  or  after  conception  of  index  child. 

loniber  of  fathers  whose  service  in  a particular  branch  of  the  military  was  verified  by  NAS. 
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TABLE  MS-8  HISTORY  OF  MILITARY  SERVICE  OF  FATHERS  BY  BRANCH  OF  SERVid 

Matched  Pairs  Current  & Original  Series  Combi* 


ARMY 

NAVY 

MARINE  CORPS 

— 

AIR  CORPS 

Time  Relative  to 

% Known 

% Known 

°L  Known 

7.  Known 

Birth  of  Index 

in  this 

% 

in  this 

7. 

in  this 

7o 

in  this 

7. 

Child 

No. 

Branch® 

Total 

No. 

Branch 

Total 

No. 

Branch 

Total 

Nq 

Branch 

Total 

Na 

Prior 

Down's  Cases 

128 

98.5 

37.2 

60 

100.0 

17.4 

12 

100.0 

3.5 

11 

100.0 

3.2 

1 

Controls 

During  Yr.® 
Down's  Cases 

107 

99.1 

31.1 

51 

100.0 

14.8 

10 

100.0 

2.9 

13 

100.0 

3.8 

t 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

Controls 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

( 

Prior  6e  During 

i 

Down's  Cases 

128 

98.5 

37.2 

60 

100.0 

17.4 

12 

IOC 

3.5 

11 

100.0 

3.2 

Controls 

107 

99.1 

31.1 

51 

100.0 

14.8 

10 

100... 

2.9 

13 

100.0 

3.8 

< 

After 

Down's  Cases 

I 

0.8 

0.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Controls 

1 

0.9 

0.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C 

In  Service. 

Period  Unknown 

Down's  Cases 

1 

0.8 

0.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

G 

Controls 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

G 

Total  Known  in 
this  Branch 

Down's  Cases 

130 

100.0 

37.8 

60 

100.0 

17.4 

12 

100.0 

3.5 

11 

100.0 

3.2 

1 

Controls 

108 

100.0 

31.4 

51 

100.0 

14.8 

10 

100.0 

2.9 

13 

100.0 

3.8 

« 

No  Record  of 

Service, 

This  Branch 

Down's  Cases 

214 

62.2 

284 

82.6 

332 

96.5 

333 

96.8 

343 

Controls 

236 

68.6 

293 

85.2 

334 

97.1 

331 

96.2 

33i 

Total 

; 

Down's  Cases 

344 

100.0 

344 

100.0 

344 

100.0 

344 

100.0 

34^ 

Controls 

344 

100.0 

344 

100.0 

344 

100.0 

344 

100.0 

(J)  During  year  of  conception,  exact  date  unknown,  either  prior  to  or  after  conception  of  index  chi^ 
O Calculated  using  as  the  denominator  the  number  of  fathers  whose  service  in  a particular  branch  a 


J 


tY  OF  MILITARY  SERVICE  OF  FATHERS  BY  BRANCH  OF  SERVICE  (FROM  NAS) 
Matched  Pairs  Current  & Original  Series  Combined 


1 1 

MARINE  CORPS 

AIR  CORPS 

COAST  GUARD 

NATIONAL  GUARD 

iwn 

lie 

!fe_ 

% 

Total 

No. 

' 

% Known 
in  this 
Branch 

7. 

Total 

Nq 

7o  Known 
in  this 
Branch 

7o 

Total 

No, 

7o  Known 
in  this 
Branch 

7„ 

Total 

No. 

7o  Known 
in  this 
Branch 

7- 

Total 

.0 

17.4 

12 

100.0 

3.5 

11 

100.0 

3.2 

1 

100.0 

0.3 

2 

100.0 

0.6 

,0 

14.8 

10 

100.0 

2.9 

13 

100.0 

3.8 

6 

100.0 

1.7 

3 

100.0 

0.9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.0 

17.4 

12 

100.0 

3.5 

11 

100.0 

3.2 

1 

100.0 

0.3 

2 

100.0 

0.6 

.0 

14.8 

10 

100.0 

2.9 

13 

100.0 

3.8 

6 

100.0 

1.7 

3 

100.0 

0.9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.0 

17.4 

12 

100.0 

3.5 

11 

100.0 

3.2 

1 

100.0 

0.3 

2 

100.0 

0.6 

.0 

14.8 

10 

100.0 

2.9 

13 

100.0 

3.8 

6 

100.0 

1.7 

3 

100.0 

0.9 

82.6 

332 

96.5 

333 

96.8 

343 

99.7 

342 

99.4 

85.2 

334 

97.1 

331 

96.2 

338 

98.3 

341 

99.1 

100.0 

344 

100.0 

344 

100.0 

344 

100.0 

344 

100.0 

100.0 

344 

100.0 

344 

100.0 

344 

100.0 

344 

100.0 

own,  either  prior  to  or  after  concepti«-r  of  index  child. 

■ber  of  fathers  whose  service  in  a particultr  branch  of  the  military  was  verified  by  NAS, 


table  ms -9 


SUMMARY  OF  HISTORY  OF  MILITARY  SERVICE 
Matched  Pairs  - Current,  Origii 


Downs  Cases 
Controls 

Other  Times  Onl 


Down ' s Cases 
Controls 

Unknown 


Down ' s Cases 
Controls 

Tota  1 

Down ' s Cases 
Controls 


ORIGINAL  SERIES 


Prior  + 

Down's  Cases 
Controls 

Other  Times  Onl\ 


Down' s Cases 
Controls 

Unknown 


Down ' s Cases 
Cont  ro  1 s 

Tota  1 

Down's  Cases 
Controls 


COmiNED  SERIES 


Prior  + 

Down's  Cases 
' introls 

Other  Times  Onl\ 


Down ' s Cases 
Controls 

Unknown 


Down ' s Cases 
Controls 

Tota  1 

Down's  Cases 
Controls 


ARMY  1 

Interview 

NAS  1 

No. 

7 Tot. 

No . 

% Tot. 

49^: 

38.3 

48 

37.5 

39 

30.  5 

44 

34.4 

1 

0.8 

0 

0 

1 

0.8 

0 

0 

0 

0 

32.8 

0 

0 

46® 

35.9 

128 

128 

128 

128 

68 

31.5 

80 

37.0 

60 

27.8 

63 

29.2 

3 

1.4 

2 

0.9 

0 

0 

1 

0.4 

5 

2.3 

86° 

39.8 

2 

0.9 

107" 

49.5 

216 

216 

216 

216 

117* 

34.0 

128 

37.2 

99 

28.  8 

107 

31.1 

4 

1.2 

2 

0.6 

1 

0.3 

1 

0.3 

5 

1.5 

128° 

37.2 

2 

0.6 

153° 

44.5 

344 

344 

344 

344 

NAVY 


Interview 


25  19.5 

25  19.5 


25  19.5 

20  15.6 


42  32.8 

46“  35.9 


37  17.1 

36  16.7 


35  16.2 

31  14.4 


2.3  86'*39,8 

0.9  107“49.5 


62  18.0 
61  17.7 


60  17.4 

51  14.8 


1.5  128“37.2 

0.6  153°  44.5 


MARINE  CORPS 


AIR  CORPS 


Interview 


5 3.9 

9 7.0 


8 3.7 

3 1.4 


4 3.1 

8 6.3 


42  32 . 8 

46"  35.9 


13  10.2 

12  9.4 


8 3.7 

2 0.9 


2.3  86°  39.8 

0.9  107“49.5 


10  2.9 


1.5  128»37.2 

0.6  153®44.5 


19  8.8 

18  8.3 


+ Including  all  fathers  who  served  in  the  military  prior  to  conception  of  index  child  and  who  may  also  havi 
^ Including  1 father  indicating  service  during  year  of  conception,  exact  date  unknown,  mav  havi'  been  prior 
Q "Unknown"  here  - no  record  of  military  service  from  NAS,  and  includes,  therefore,  fathirs  with  no  milit* 
Not  including  1 father  who  served  in  a foreign  military  service  | 


>1 


CARY  SERVICE  OF  FATHERS  (FROM  INTERVIEW  AND  NAS) 
rrent.  Original  and  Combined  Series 


COAST  (;L'ARD 


Int  erv  few  NAS 

No.  °L  Tol.  ’.No. 


AIR  CORPS  1 

ntervifw 

NA 

[O.. 

% Tot. 

No.  % Tot. 

13 

10.2 

7 5.  5 

12 

4.4 

b 4.7 

0 

0 

0 0 

0 

0 

0 0 

0 

0 

42®  32.8 

0 

0 

4b  35. 9 

28 

128 

28 

128 

NATIONAL  GUARD 


9 

00 

00 

4 

8 

00 

7 

0 

0 

0 

0 

0 

0 

5 

2.3 

86 

2 

0.9 

107 

6 

216 

6 

216 

11  3.2 

13  3.8 


1.5  I28O37.2 

0.6  153®*  44.5 


1 0.3 

7 2.0 


0 

0 

0 0 

2 

1.6 

2 

1.6 

> 

71.1 

84 

2 

1.6 

2 1.6 

3 

2.3 

2 

1.6 

69.5 

81 

0 

0 

0 0 

1 

0.8 

0 

0 

2 

1.6 

0 

0 

0 

0 0 

! 0 

1 

0 

0 

0 

1 

0.8 

0 

0 

0 

42"  32.8 

0 

0 

42® 

32.8 

0 

0 

9 

0 

0 

46®  35.9 

0 

0 

46® 

35.9 

0 

0 

9 

128 

128 

128 

128 

128 

100.0 

128 

128 

128 

128 

128 

128 

100.0 

128 

1 

0.4 

1 0.4 

0 

0 

0 

0 

130 

60.2 

127 

5 

2.3 

4 1.8 

1 

0.4 

1 

0.4 

122 

56.5 

107 

0 

0 

0 0 

1 

0.4 

0 

0 

4 

1.9 

2 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

1 

5 

2.3 

8b®  39.8 

5 

2.3 

86® 

39.8 

5 

2.3 

10 

2 

0.9 

107®  49.5 

2 

0.9 

107® 

49.5 

2 

0.9 

16 

216 

216 

216 

216 

216 

100.0 

216 

216 

216 

216 

216 

216 

100.0 

216 

ANY  BRANCH  OF  SERVICE 


may  also  have  served  any  other  times 
ire  been  prior  to  conception  of  index  child 


100.0 

100.0 


100.0 

100.0 


1 

0.3  j 

2 

0.6 

2 

0.6 

221 

64.2 

211 

61.3 

6 

1.7  1 

4 

1.2 

3 

0.9 

211 

61.3 

188 

54.6 

0 

0 

2 

0.6 

0 

0 

6 

1.7 

2 

0 0 

0 

0 

0 

0 

0 

0 

1 

0.3 

1 

0.3 

128® 

37.2 

5 

1.5 

128° 

37.2 

5 

1.5 

19° 

5.5 

153® 

44.5 

2 

0.6 

153° 

44.5 

2 

0,6 

25° 

7.3 

344 

344 

34A 

344 

344 

344 

344 

344 

100.0 

100.0 

344 

344 

100.0 

100.0 

i 

|th  no  military  service,  as  well  as  fathers  of  unknown  military  status 
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TABLE  MED-IA 


SUMMARY  OF  PARENTAL  MEDICAL  RADIATION  EXPOSURE  PRIOR  TO  CONCEPTION  OF 

Current  Series 


Type  of  Radiation 

Down's 

Mothers  of 

Do* 

i 

Controls 

MATCHED  PAIRS 

• 

o 

No.  % 

No. 

No  radiation 

78 

64.5 

76 

62.8 

38 

Radiation 

Diagnostic  only 

23 

19.0 

23 

19.0 

63 

Fluoroscopic  only 

7 

5.8 

9 

7.4 

0 

Therapeutic  only 

9 

7.4 

4 

3.3 

0 

Diagnostic  and  Fluoroscopic 

2 

1.7 

6 

5.0 

20 

Diagnostic  and  Therapeutic 

1 

0.8 

2 

1.7 

4 

Fluoroscopic  and  Therapeutic 

0 

0 

0 

0 

0 

Diag. , Fluoro. , and  Therap. 

1 

0.8 

1 

0.8 

0 

Any”  FTudroscopic 

To" 

8.3 

16 

13.2 

20 

Any  Therapeutic 

11 

9.1 

7 

5.8 

4 

Number  Known 

121 

(94.5) 

121 

(94.5) 

125 

Number  Unknown 

7 

(5.5) 

7 

(5.5) 

3 

Total 

128 

128 

128 

POOLED  ^ 

— 

No  radiation 

92 

65.2 

93 

65.5 

43 

i 

Radiation 

Diagnostic  only 

27 

19.1 

24 

16.9 

75 

Fluoroscopic  only 

8 

5.7 

11 

7.7 

0 

Therapeutic  only 

10 

7.1 

4 

2.8 

0 

Diagnostic  and  Fluoroscopic 

2 

1.4 

6 

4.2 

23 

Diagnostic  and  Therapeutic 

1 

0.7 

2 

1.4 

4 

Fluoroscopic  and  Therapeutic 

0 

0 

1 

0.7 

0 

Diag.,  Fluoro.,  and  Therap. 

1 

....0^7... 

J 

..D.7 

D--  — 

Any  Fluoroscopic 

11 

7.8 

19 

13.4 

23  1 

Any  Therapeutic 

12 

8.5 

8 

5.6 

Number  Known 

141 

(94.0) 

142 

(94.7) 

145 

Number  Unknown 

9 

(6.0) 

8 

(5.3) 

5 

Total 

150 

150 

150 

7o  * Percent  known 
) = Percent  total 

0)  = Includes  mothers  and  fathers  of  additional  and  questionable  mongols  and  mothers  and  father! 
as  well  as  matched  pairs. 


J 


Hditlonal  and  questionable  mongols  and  mothers  and  fathers  of  additional  controls, 


o 


TABLE  MED-2A 


PARENTAL  DIAGNOSTIC  X-UAY  EXPOSURE: 

SITE  OF  EXPOSURE  PRIOR  TO  CONCEPTION  OF  INDEX  CHILD 

Current  Series 


o 

Type  of 

Mothers  of: 

Fathers  of:  1 

Gases 

Controls 

Cases 

Controls  | 

diagnostic  x-ray 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Number 

Percent 

MATCHED  PAIRS 

Chest  x-ray 

43 

33,6 

45 

35.2 

54 

42.2 

49 

38.3 

Gallbladder  series 

6 

4,7 

11 

8.6 

2 

1.6 

3 

2.3 

Kidney,  Including  IVP 

7 

5.5 

8 

6.2 

4 

3.1 

10 

7.8 

Sto-Int-Abd 

9 

7.0 

13 

10.2 

24 

18.8 

25 

19.5 

Other  organs 

29 

22.7 

31 

24.2 

52 

40.6 

61 

47.7 

Total 

128 

128 

128 

128 

€) 

i'OOLEU  ^ 

Chest  x-ray 

50 

33.3 

49 

32.7 

60 

40.0 

52 

34.7 

Gallbladder  series 

6 

4.0 

12 

8,0 

6 

4.0 

3 

2.0 

Kidney,  Including  IVP 

7 

4,7 

9 

6.0 

7 

4.7 

10 

6.7 

Sto-Int-Abd 

9 

6,0 

15 

10.0 

32 

21.3 

28 

18.7 

Other  organs 

33 

22.0 

34 

22.7 

62 

41.3 

67 

44.7 

Total 

150 

150 

150 

150 

Includes  mothers  and  fathers  of  additional  and  questionable  mongols  and  mothers 
and  fathers  of  additional  controls,  as  well  as  matched  pairs. 

0 Types  of  diagnostic  x-rav  listed  are  not  mutually  exclusive. 
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TABLE  MED.2B 


PARENTAL  DIAGNOSTIC  X-R^\Y  EXPOSURES;  SITE  OF  EXPOSURE^' 

Current  Series 


Mothers 

of  ,* 

Fathers 

of  ’ 

- - ^ 

Type  of 

Cases 

Controls 

Cases 

Controls 

diagnostic  x-ray 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Number 

Percent 

MATCHED  FAIRS 

Chest  x-ray 

48 

37.5 

51 

39.8 

55 

43.0 

52 

40.6 

Gallbladder  series 

6 

4.7 

14 

10.9 

2 

1.6 

i 

2.3 

Kidney,  including  IVP 

9 

7.0 

9 

7.0 

5 

3.9 

10 

7.8 

Sto-Int-Abd 

11 

8.6 

16 

12.5 

24 

18.8 

26 

20.3 

Other  organs 

32 

25.0 

35 

27.3 

61 

47.7 

62 

48.4 

Total 

128 

128 

128 

128 

1 

POOLElC^ 

Chest  x-ray 

58 

38.7 

59 

39.3 

61 

40.7 

57 

38.0 

Gallbladder  series 

b 

4.0 

15 

10.0 

6 

4.0 

3 

2.0 

Kidney,  including  IVP 

9 

6.0 

13 

8.7 

8 

5.3 

10 

6.7 

Sto-Int-Abd 

11 

7.3 

18 

12.0 

32 

21.3 

29 

19.3 

Other  organs 

36 

24.0 

39 

26.0 

71 

47.3 

69 

46.0 

Total 

150 

150 

150 

150 

*^Prior  to  conception  of  index  plus  during  year  of  conception,  exact  date  unknown 
could  have  been  prior  to  or  after  conception  of  index  child. 


ncludes  mothers  and  fathers  of  additional  and  questionable  mongols  and  mothers 
and  fathers  of  additional  controls,  as  well  as  matched  pairs. 
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■ERI’AL  FLUOROSCOPIC  EXPOSURE 
Current  Series 
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MATERNAL  THERAPEUTIC  RADIATION  BY  SITE  OF  EXPOSURE: ONE  OR  MORE  EXPOSURES 
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TOTAL  INTERVIEW  DATA  FOR  MATERNAL  FLUOROSCOPIC  EXPOSURE  PRIOR  TO  BIRTH  OF  THE  INDEX  CHILD 
BY  MATERNAL  AGE  AT  BIRTH  OF  IC  AND  NUMBER  OF  FLUOROSCOPIC  SESSIONS 
Current  Sv’.ries  Matched  Pairs 


DISTRIBUTION  OF  CASES  AND  CONTROLS  BY  EDUCATION  OF  PARENTS  (FROM  INTERVIEW) 

Current  Series 


Includes  mothers  and  fathers  of  additional  and  questionable  mongols  and  mothers  and  fathers  of  additional  controls, 
as  '/;eli  as  matched  pairs. 


DISTRIBUTION  OF  CASES  AND  CONTROLS  BY  OCCUPATION  OF  PARENTS  (FROM  INTERVIEW) 

Current  Series 
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TABLE  T-1 


!| 


I 


I 


MATERNAL  THYROID  HISTORY  PRIOR  TO  CONCEPTION  OF 


Current  Series 


Thyroid  Medication 

Thyroid 

Treatment 

Down' s 
Cases 

Controls 

Down' s 
Cases 

Controls 

Down's 

Cases 

Controls 

Mothers  of: 

Matched  Pairs 

No 

118 

118 

128 

128 

126 

123 

Yes 

10 

10 

0 

0 

2 

5 

Total  Known 

128 

128 

128 

128 

128 

128 

Total  Unknown 

0 

0 

0 

0 

0 

0 

Total 

128 

128 

128 

128 

128 

128 

Pooled  @ 

No 

139 

137 

150 

149 

148 

143 

Yes 

11 

12 

0 

0 

2 

6 

Total  Known 

150 

149 

150 

149 

150 

149 

Total  Unknown 

0 

1 

0 

1 

0 

1 

Total 

150 

150 

150 

150 

150 

150 

i 

@ Includes  mothers  of  additional  and  questionable  mongols  and  mothers  of  additional  controls,  a 


1 


N 

MATERNAL  THYROin  HISTORY  PRIOR  TO  CONCEPTION  OF  INOEX  CHILD 


Current  Series 


Thyroid 

Surgery 

Thyroid 

Treatment 

Thyroid 

Tests 

Thyroid 

Disease 

Down^  s 
Cases 

Controls 

Down's 

Cases 

Controls 

Down ' s 
’ases 

Controls 

Down' s 
Cases 

Controls 

128 

128 

126 

123 

127 

126 

122 

0 

0 

2 

5 

1 

2 

5 

128 

128 

128 

128 

128 

128 

: 0 

0 

0 

0 

0 

0 

128 

128 

128 

128 

128 

128 

150 

149 

148 

143 

149 

147 

0 

0 

2 

6 

1 

2 

7 

150 

149 

150 

149 

150 

149 

148 

0 

1 

0 

1 

0 

1 

2 

150 

150 

150 

150 

150 

150 

150 

- 

plonable  mongols  and  mothers  of  additional  controls,  as  well  as  matched  pairs. 

i 

1 
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TABLE  T-2 


1 


1 

X I 

MATERNAL  THYROID  HISTORY 


Current  Series 


Thyroid 
Down' s 

Medication 

Thyroid 

Down's 

Treatment 

Cases 

Controls 

Cases 

Controls 

Cases 

Controls 

Mothers  of: 

Matched  Pairs 

1 

No 

117 

117 

128 

128 

126 

123 

Yes 

11 

11 

0 

0 

2 

5 

■ 

Total  Known 

128 

128 

128 

128 

128 

128 

■f 

Total  Unknown 

0 

0 

0 

0 

0 

0 

Total 

128 

128 

128 

128 

128 

128 

■ 

Pooled  ® 

No 

137 

135 

150 

149 

148 

143 

u 

Yes 

13 

14 

0 

0 

2 

6 

1 

Total  Known 

150 

149 

150 

149 

150 

149 

13 

Total  Unknoxim 

0 

1 

0 

1 

0 

1 

Total 

150 

150 

150 

150 

150 

150 

IS 

X Thyroid  history  prior  to  conception  plus  during  year  of  conception,  exact  date  unknown,  could 
index  child. 


® Includes  mothers  of  additional  and  questionable  mongols  and  mothers  of  additional  controls,  afl 


r 


1 


I matbrnattThyroid  history^ 

I 

j Current  Series 


Thvroic 

Surgery 

Thyroid 

Treatment 

Thyroid  Tests 

Thyroid  Disease 

k)wn*  s 
l^ses 

Controls 

Do\/n ' s 
Cases 

Controls 

l)o\,m ' s 
Cases 

Controls 

Dovvm ' s 
Cases 

Controls 

128 

128 

126 

123 

127 

125 

122 

0 

0 

2 

5 

1 

3 

8 

5 

128 

128 

128 

128 

128 

128 

128 

127 

0 

0 

0 

0 

0 

0 

0 

1 

128 

128 

128 

128 

128 

128 

128 

128 

150 

149 

148 

143 

149 

146 

141 

140 

0 

0 

2 

6 

1 

3 

8 

8 

150 

149 

150 

149 

150 

149 

149 

148 

0 

1 

0 

1 

0 

1 

1 

2 

150 

150 

150 

150 

150 

150 

150 

150 

ling  year  of  conception,  exact  date  unknown, 

could  have  been  before  or  after  conception  of 

ftle  mongols  and  mothers  of  additional  controls,  as  well  as  matched  pairs. 


I 


I 


KMH 

MATERNAL  MEDICAL  HISTORY  (FROM  INTERVIEW) 

(Current  Series) 

Diseases/Conditions  by  Time  Relative  to  Conception  of  Index 

Note;  Tables  MH-1  through  MH-15  were  extracted  directly  from  computer 
printouts,  and  consequently  indicate  tabulations  only  for  cells 
in  which  there  were  1 or  more  subjects.  In  addition,  the  cells 
included  vary  from  table  to  table.  The  key  to  the  codes  used 
is  given  below. 


to  Codes  on  Tables  MH-1 


Subjects  = Mothers  of: 

CURR  CASE  = Down's  cases  in  Current  Series 
CURR  CONT  = Controls  in  Current  Series 

ADDITIONAL  = Additional  subjects  Down's  cases  or  controls 
QUESTIONABLE  = Questionable  Down's  cases 

Information  = 

Responses  to  questions  as  to  this  condition  and  its  time  relative  to 
conception  of  index  child 

0 = Never  or  not  mentioned 

1 = Yes,  prior  to  conception  of  index  child 

2 = Yes,  during  year  of  conception,  exact  date  unkno\<m,  could  have  been 

before  or  after  conception  of  index  child 

3 = Yes,  after  conception  of  index  child,  but  during  pregnancy 

4 = Y'.  s,  after  birth  of  index  child 

5 = Yes,  time  unknown 
9 = Unknown 

NOTE:  Tables  derived  from  direct  reproduction  of  printouts  with  identify- 
ing labelling  for  clarity. 
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?l 


'A 


o+- 


TV\tr«^  AO 

\u:^  (To.\ole^  MH  I - 
r\  A'^oaV^  < 


>pOVVN 


/-5  7- 
MHij), 


-•  • • HISTORY. OF  .DIABRTES  _ 1...  . . ...CI4BRENX_SMIES_ 


I POOLF.D  'MATCHED  PAIRS'  ADDITIONAL  OUE  S T I ON  ABL_E 


300 

256 

35 

CASES  i 

: Nofie“ 1“ 

149 

127 

13 

9 

Prior  to  Conception  | 

1 

1 

— 

— . 

TOTAL  1 

150 

128 

13 

9 

-controls  '1  '■ 

None  1 

148 

127 

21 

**  1 

Prior  to  Conception  | 

1 

1 

- 

Uhk’n’bwii  ' | 

1 

- 

■*  ■ 1 

— 

TOTAL  1 

150 

128 

22 

See  Kev  to  MH  Tables 

■■■■1 

■ ’ T ABL E MH  2 . mTERNAl. 

HISTORY 

OF  DISORDERS 

i-  ■ 

OF  ADRENAL  GLANDS 

. cilRRENT  series'- 

L 

_POOLEr^(  ' 

M 9_.-P  Al?  . 

_AppJ  T I ONA  L 

QUESTIDNABLE 

CASES 

1 

1 

. 300 

256 

35  ;; 

9 . ..  ■; 

None 

150 

128 

13 

9 

CONTROLS 

1 

• 

. 

None 

1 

149 

128 

21  , 

Pn-knowo 

1 

— 

• ; 1 . . 

TOTAL  1 

150 

128 

22 

. ' i?oc'  KoV  to  MH  Table 

s 

HiK^uSHRliRiflSS 

OF  LIVER  DISEASE 

CURRENT  SERIES  ' ' • 

• 

POOLED  • 

MATCHED  PAJRS_' 

_ ADDITIONAL 

5_U0NAnLE_ 

300 

256 

35  ; 

. 9 

CASES 

None 

147 

126 

12 

9 

Prior  to  Conception 

2 

t 1 

1 

. 

Time  Unknown 

1 

1 

- 

~ 

_ . ifQjyL-- 

CONTROLS 

150 

128 

13 

9 

None 

' 145 

124 

21 

- 

' Trior’ to  Conception 

2' 

2 

- 

- 

After  Birth 

1 

1 

— 

— 

Unknown 

TOTAL 

2 

■ '150 

1 

12  8 

1 

■ 22 

— 

See  Key,  to  MU' Tables 
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TABLg  Mll^.  MATEimL  HISTORY  OF  NEPHRITIS  I * CURRENT  SERIES'; 


1 

1 

POOLED 

^'MATCHED  PAIRS* 

ADDITIONAL 

\ 

QUESTIONABLE  

1 

-.300 

256 

. ' -35'  ■ 

. • ^ 9 ' 

CASES 

1 

None 

\30 

“ no 

12 

8 . I 

Prior  to  Conception 

1 

11 

10 

1 

— 

Exact  Date  Unkno^ai 

1 

1 

1 

- ^ 

— 

Aiter  Conception 

- 3 

..  2 

■.  • - 1 *.  ' ^ 

After  Birth 

1 

5 

5 

TOTAL 

1 

150 

128  . 

' . 13  , • 

CONTROLS 

1 

None 

1 

132 

IIA 

18 

Prior  to  Conception 

1 

7 

5 

2 

— 

Exact  Date  Unknotai 

1 

2 

i 

• 1 ■ . 

After  Birth 

1 

7 

7 

) - 

■ 

Unkno\m 

1 

2 

1 

. 1 " 

TOTAL 

\ 

150 

128 

22 

— 

See.  key  tp_I‘5l  Tables 


• ■ TABLE  MHS*  MATERNAL  HISTORY  OF  TUBERCULOSIS  { ' ' CURRENT . SERlkS 


i 

POOLED  \' 

MATCHED  PAIRS' 

ADDI TIONAL 

• 

questionable  _ 

1 

300 

256 

35 

9 • . 

CASES 

1 

1 

' None 

149 

127 

13 

9 

Prior  to 

Conception 

1 

1 

1 

- 

— 

TOTAL 

1 

150 

128 

13 

.9 

CONTROLS  ■■ 

• 

* 

None 

1 

14B 

127 

21 

Prior  to 

Conce.pt  ion 

1 

1 

1 

- 

- 

' Unkno\m 

1 

- 

1 

- 

TOTAL 

1 

150 

128 

22  . 

--  ' 

See  Key  to  Mil  Tables 
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• TABLE,  MHa,  MATERNAL  HISTORY  OF  REPRODUCTIVE  ORGAN  DISORDERS 


i:"'  V'.' 

"current  series  . 


1 i 

(POOLED  . 

\ 

■MATCHED  PAIRS* 

QUESTIONABLE.  ' 

CASES  1 

300 

256  ^ 

' 35 

1 

—None*  1' 

— 

■ 95  ■ “ 

9 . 

8 

Prior  to  Conception  j 

22 

20 

2 

- 

After  Conception  | 

1 

1 

■ •" 

After  BxTCh'  f 

lA 

.....  .....  ji-.- 

.‘r'’  2 ■•.v 

•.'  ■'j-  •:  ^ 

Unknown  I 

- 1 

1 

TOTAL  1 

= '•  150 

• 128  ^ 

13 

CONTROLS  j 

91 

18 

. ■ 

None  1 

■ 109 

•• 

Prior  to  Conception  I 

19 

18 

1 

•• 

After  Conception  1 

■"2 

-•-•2“ 

After  Birth  I 

. 19 

17 

'2-- 

Unknown  | 

TOTAL  1 

f50 

r26 

T 22 

\ 

..Sge.  Key  to  MH  Table_s_ 

* > 

■ 

• . 

, •" 

......  ■ " . ■ ■ ■ ' T ‘ ' i 

HISTORY 

OF  RHEUMATIC  HEART 

DISEASE 

^Ct^REifrySERIES  ; 

4 

L 

POOLED 

•fl’.AlpHED^PAlRS^ 

ADDITIONAL 

• ' ! , 

QUESTIONABLE 

CASES  I 

300 

256 

35  ■ . 

' None  1 

iV7 

125 

13 

■■  9 

Prior  to  Conception  1 

2 

2 

* 

• “ . i 

Unknown  1 

1 

'1 

• — 

TOTAL  1, 

150 

" 128 

‘.  13 

. •.  9 

CONTROLS  1 

; . V ; 

None  1 

142 

121 

21 

' • V V- 

Prior  to  Conception  | 

■ ■ 4 

— 

**  .1 

After  Birth  j 

1 

1 

— 

Unknown  I 

3 

2 

1 

**  \ ' 

"TOTAL"  1 ■ 

'ISO' 

; 128 

22  ' ’ " 

« 

:■  .j  f 

See  Key  to  MH  Tables 

159 

.J 

1 

1 

1 

POOLED  1 

■MATCHED  PAIRS* 

ADDITIONAL 

QUESTIONABLE 

CASES  1 

1 

300 

, t 

256 

* 1 . 

35  ' 

'•  ■'  •„  ^ 

' - ’ • ljU 

—■ TOtre ■ j" 

— uf 

Tas 

9. 

After  Birth  j 

2 

2 

•• 

linknovm  | 

1 

. : 1 

- 

“ 

TOTAL  1 

*'  1$0“ 

1 120 

. V,  13  • 'A' 

CONTROLS  I 

i , • 

■ t ' ' 

None  1 

1A5 

12A  - 

•'21  . 

Prior  fo  Cohcepffbn  j 

1 

1 

— , 

«• 

After  Conception  | 

1 

1 

— 

- 

After  Birth  | 

1 

1 

- 

« 

— imiWowfl 

2 

.1 

TOTAL  1 

■ 150 

i * . 

126  . 

1 22 

'.s-'  ,•;>  • 

J V.'-  ' “ •5  w • , 

See  Key  to  Mil  Tables 


' 4 » • 

• ■ N * 

* A** 

••'■(TABLE  M(t9«  MATERNAL 

HISTORY  OF 

NON -MALIGNANT 

1 ^ ( ‘1 
TUMORS  CURRENlI  SERIES  ' . ' ' i 

1 

L 

POOLED  _*  MATCHED  P A IRS* 

ADqiTfo'NAL 

..9VA5J.1P';!j?!6l^  1. 

CASES  I 

1 

300 

256 

35 

“NBnA j"" 

"115“ 

10'  ■ 

•8 

Prior  to  Conception  | 

21 

20 

1 

Exact  Date  Unknown  j 

2 

2 

- 

Artcr~'Conc«.'plion“'-*  "| 

1 

"1 

— 

After  Birth  | 

9 

6 

2 

1 

Tine  Unknown  | ■ 

1 

1 

. • ~ 

- 

•■■ttntmtTOn ■ 1 

1 

1 

— 

— 

TOTAL  1 

150 

128 

13 

9 . 

CONTROLS  j 

~Tlone'  1" 

lOR 

93 

15 

v,  ■ 1 

Prior  to  Conception  | 

23 

21 

2 .• 

After  Conception  (• 

2 

2 

- 

~mef  TTirth  ■ 1 

16 

11 

3' 

Time  Unknown  | 

1 

' 1 

•• 

Unknown  | 

• 2 

•- 

2 

- 

total  I 

150 

. 120  * 

2‘2 

Sec  Key  to  MH  Tables 


160 


’ « * *’ . *'■.  "o'.  v»  ! 

MATERNAL  HISTORY  OF  CHILDHOOD  DISEASES  CURREN'll  SERIES  • 


1 

• 

POOLE d\ 

^•MATCHED  PAIRS' 

ADDITIONAL 

QUESTIONABLE  ' 

CASES  1 

300 

256 

35 

. ' ** 

■~Honc“ 1 

2 

2 

— 

• i 

Prior  to  Conception  j 

125 

105 

S ll 

Exact  Date  Unknoism  | 

1 

1 

- 

— 

"TfFtcrmfth  1 

3 

3 ■ • ■ 

- 

Time  Unknown  j 

9 

9 

- , 

Unknown  j 

10 

8 - 

2 

TOTAL  1 

150 

128 

13 

9 

COOTROLS  1 

None  1 

7 

6 

1 ‘ 

- ■ 

■ TViof'  to'  Conception  '( 

'121 

102 

1^ 

*'  . * * * " • ' • 

Time  Unknown  j 

10 

10 

• »•  V ' ***.• . ■ ^ ‘ *.  ‘'V’t 

Unknown  | , 

• ' 12 

10 

2 

r ' . — . ■ \ 

“ ' TOTAL  1 

150 

"128 

22 

•• 

See  Key  to  MH  Tables 

" 

• » 

L f A r * 

■ TABLeMHh.  maternal  history  of  anemia  & OTHER  BLOOD  DISORDERS  'SERIES 


j pooled!  'MATCHED  pa  IRS  


CASES  ; 

L., 

Ndiic  I 

Prior  to  Conception  | 

Exact  Date  Unknown  | 

After  Conception  I 

After  Birth  I 


. .. ..  YotAL  ■ 

CONTROLS 

None 

- 150 

118 

128' 

103 

- 

15 

—priwro'XohceptTon  ' 
Exact  Date  Unknown 
After  Conception 

20 

2 

1 

17 

2 

■'i 

-jfrrcTTrrrxh 

— ■'  2 

1 

Time  Unknown 

A 

3 

' 1 

Unknown 

2 

1 

1 

TOTAL' 

150 

128 

22 

■ “ V • 


' ''s' 


Ijt  MATERNAL  HISTORY  OF  LEUK£MIA  ' 1 i ’ ‘ CURHENT  SERDCS  v 


I 1 

I POOLED'  'MATCHED  PAIRS*  ADDITIONAL  QUESTIONABLE' 


CASES 

1 299 

256  ■ 

V'; 

*'*.  •"  4 *■ 

None 

CONTROLS 

r 1A9 

120 

13“ 

None 

1 . 1A9 

__128^ 

■ 21 

M • i 

Unknown 

" "1  r 

*■  — 

TOTAL  1 150 

_ 128 

See  Key  to  MH  Tables 


' \y  ..V,  . . . • . , 'v 

‘;v.;',  'TABLEMIjl3.  eternal  history. of  HYPERTENSION < . CliRRENf  SF'rte.S  '''  . ‘ •'  ' 


I POOLED  ;»MATCHED  PAIRS*  ADDITIONAL  QUESTIONABLE 


CASES  I ^ 299 

Hone  1 ii5 

Prior  to  Conception  | 3 

After  Conception  | 1 

— ^TC^r'BirtbT  “j  — y 

Unknovnn  | '^  3 

TOTAL  I 1A9 

CQNTRDTS  ” [■  ' 

None  I 136 

Prior  to  Conception  | 4 

■ExScnatc'Ohknowri’  ~ j : "■.T  I" 
After  Birth  I 5 

Time  Unknown  | ‘ ; / T 

Unknown ' |'~7'  3" 


299 

256  • 

. • ■ ■ . ■ 35.  > 

8'!’  . 

. J ' * ' * * » 

135 

114 

13 

. • 8 

3 

3 

- 

-■ 

1 

1 

• - 

- 

7 

...  . ^ . 

3 

3 

- 

1A9 ; 

128 

13 

' - ^ 8 ..  ;_J_ 

136 

115 

21 

\ 1 

._J 


TOTAL  I 150 


See  Key  to  MH  Tables  

I V . » , » ,'v . ^ . • .*  V 

J.ABLEflHlAt  matERNAT.  history  QF  convulsions  or  EPJJLEJISY 


CNT  {5F.RIES  : 


I POOLED  1*MATCHED  PAIRS*  ADDITIONAL  QUESTIONABLE 


CASES 


None" 1 

Prior  to  Conception  j 
After  Birth  I 


|-  299 

I 

*>  I 3 


CONTROLS  I 

None  I 

Prior  to  Conception  | 

After  Birth  | 


See  Key  to  MH  Tobies 


/vv.'! 


2 

• 1 

1 

1 

■ - j-  - 

V - . 1,  y . 

1A9 

128 

13  . ■ ; 

,':8  .V-. 

14^ 

' “20 

•• 

6 

5 

1 

- 

’ 1 

1 

1 

150 

128 

; '1  ...^-\ 

22 

1 ..  V 

»•  •.  . « 
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• 
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TABLeMlIlS.  MATKrNAl. 

HISTOKY  OF  VISUAl. 

& llKAUING  UF.KK.CTS 

'CURRKNT  SKRIF^ 

1 

. 1 !!opM'.ti 

♦ MATCHEO  PAIRS»  ~Anr>lTt6NAL 

CASKS  ’1  . 

1 

299 

256 

None  Tl 

TAT 

121 

12 

8 

Prior  to  Conception! 

5 

4 

1 

•• 

Alter  Birth  ! 

2 

2 

- 

••  * 

Time  llnknoMi  I 

1‘ 

‘~1‘ 

■ — . 

TOTAL  1 

1A9 

128 

13 

C0NTR015  1 

■ * * . ' ' t 

“Nonf 1 

lAA 

12  4~ 

: 20  • 

i 

I’rlor  to  Conception  j 

5 

4 

1 

« 1 

Unknown  j 

1 

■ - 

1 

. ^ * 

_ 

150 

“ 128* 

“ . . 22  . 

• **  * i. ' ' • 

• 

* 1 

. ^ « 1 • ' 

' ^ W ■ • 

. '.'"I-  • 

' *"I  ■•i'V'  •Vs''-’ 

«cc  Key  to  MU  Tnblos 


CS-l 


CHROMOSOME  STUDY  GROUPS  OF  RADAR>MICROWAVE  EXPOSED  AND  UNEXPOSED 
FATHERS  BY  SERIES  AND  INDEX  SOURCE 


MATCHED  PAIRS 


ExDOsed  fathers  of: 

V8 

UnexDosed  fathers  of: 

Down' s 

VS 

Controls 

8 

8 

Controls 

VS 

Down' s 

4 

9 

Down' s 

vs 

New  Matches 

6 

3 

Controls 

vs 

New  Hatches 

11 

3 

New  Matches 

vs 

New  Matches 

_2 

_2 

Total  Pairs 

32 

23 

Total  Fathers 

Near  axDOsed  fathers  of: 

vs 

UnexDOsed  fathers  of: 

Down' 8 

vs 

Controls 

2 

1 

Controls 

vs 

Down' 8 

0 

1 

Down' s 

vs 

New  Matches 

1 

0 

Controls 

vs 

New  Matches 

2 

0 

New  Matches 

vs 

New  Matches 

_e 

Total  Pairs 

5 

2 

Total  Fathers 

UNMATCHED  FATHERS  OF: 

Exposed  Down's 

3 

2 

Exposed  Controls 

0 

4 

Exposed  New  Matches 

3 

2 

Near  Exposed  Down's 

' 2 

0 

Near  Exposed  Controls 

5 

0 

Near  Exposed  New  Matches 

4 

1 

Unexposed  Down' s 

0 

1 

Unexposed  Controls 

7 

0 

Unexposed  New  Matches 

2 

2 

Total  Unmatched  Fathers 

26 

12 

Radar  - Microwave  Status 


TOTALS 


Matched  Pairs 


Exposed 
Unexposed 
Near  Exposure 
Unexposed  Matches 


D 


71  44. 7 


# Z 


B 

ri  % 

37 

23.3 

10 

18.2 

15 

27.8 

0 

0.0 

2 

28.6 

7.  1 # 7o  1 # 7o 


22  40.0  j 1 1.8  10  18.2  11  20.0  1 1.8  1 1.8  6 10.9 

25  46.3  I 1 1.9  15  27.8  6 11.1  0 0.0  0 0.0  6 11.1 

3 42.9  0 0.0  0 0.0  3 42.9  0 0.0  0 0.0  1 14.3 

5 71.4  0 0.0  2 28.6  0 0.0  0 0.0  0 0.0  0 0.0 


Unmatched 

1 

Exposed 

5 35.7 

0 0.0 

5 35.7 

Near  Exposure 

6 50.0 

0 0.0 

2 16.7 

Unexposed 

6 60.0 

1 

0 0.0  1 

2 20.0 

Pooled  Groups 

Exposed (Match  + Unmatoh)  27  39.1 

Matched  Only 

Exposed  + Near  Exp.  25  40.3 

All  types  Exposed^  36  40.9 

All  Unexposed  36  50.7 


15 

21.7 

10 

16.1 

17 

19.3 

19 

26.8 

2 2.9 


17  19.3  18  20.5  I 2 2.3  1 1.1  10  11.4 


# % 

16 

10.1 

6 

10.9 

6 

11.1 

1 

14.3 

0 

0.0 

1 

7.1 

2 

16.7 

0 

0.0 

1 

1 

1 

7 

10.0 

7 

11.3 

10 

11.4 

6 

8.5 

CLASSIFICATION  OF  CHROMOSOMAL  FINDINGS  - NORMAL  AND  VARIANT  TY 

Category  D > Normal 

Category  A - Cytologlcal  abnormality  or  variation  Including:  long  #2,  long  short  arm  G,  secondary  c 
uncoiled  #1,  etc. 

Category  B - Abnormality  that  may  be  due  to  a mutagenic  agent  including;  quadrlradials , endoredupli 
dicentric,  double  chromatid  breaks,  etc. 

Category  C - "Abnormality"  that  may  be  due  to  mechanical  or  technical  error  including;  gaps  or  sing 


TABULATION  OF  INDIVIDUAL  CATEGORIES  AND  COMBINATIONS 


D,A,B,C  respectively only  the  1 type  designated 

AB,AC,BC both  the  types  designated 

ABC all  3 types  A+B+C  types 

1 deviant  type  only. . .n , i • • • • . tA  or  B or  C 

2 t}rpes 2 deviant  types  other  than  D 

(A+B  or  AfC  or  BfC) 


Any  A A only,  or 

Any  B B " , " 

Any  C C " , " 

Any  A and/or  B A &/or  B al 

Any  A and/or  C A or  C alon 

Any  B and/or  C B or  C " 


Any  1 type D only  or  A only  or  B only  or  C onlylA  and/or  B and/or  C..A  or  B or  C 


X Based  on  number  of  persons  with  at  least  one  successful  culture.  + Matched,  Unmatched,  Exposed 

5^  Mutually  exclusive  chromosomal  categories.  A father  with  a successful  culture  is  classified  in 
an  individual  defect  "A  only",  "B  only",  or  in  a combination  "AB". 


I OF  CHROMOSOMAL  FINDINGS  ON  FATHERS  BY  RADAR-MICROWAVE  EXPOSURE  STATUS^ 
bwn's,  Controls,  and  New  Match  Fathers  from  Original  and  Current  Series 


B 

ruuz] 

37 

23.3 

10 

18.2 

15 

27.8 

0 

0.0 

2 

28.6 

5 35.7 

2 16.7 

2 20.0 

15 

21.7 

10 

16.1 

17 

19.3 

19 

26.8 

AB 


# 7o 


11 

20.0 

1 

1.8 

6 

11.1 

0 

0.0 

3 

42.9 

0 

0.0 

0 

0.0 

0 

0.0 

2 14.3  1 7.1  0 0.0 

2 16.7  0 0.0  0 0.0 

2 20.0  0 0.0  0 0.0 


2 2.9 


3 TYPES  CULTURE 

BC  ABC  FAILURE  SUCCESS 


f % I # % I # 1 


3 1.9 


6 10.9  3 5.5  0 0.0  55  100.0 

6 11.1  1 1.9  1 1.8  54  98.2 

1 14.3  0 0.0  0 0.0  7 100.0 

0 0.0  0 0.0  0 0.0  7 100.0 


1 7.1  0 0.0  0 0.0  14  100.0 

2 16.7  0 0.0  0 0.0  12  100.0 

0 0.0  0 0.0  2 16.7  10  83.3 


1 1.6 
2 2.3 


16 

10.1 

6 

10.9 

6 

11.1 

1 

14.3 

0 

0.0 

1 

7.1 

2 

16.7 

0 

0.0 

7 

10.0 

7 

11.3 

10 

11.4 

6 

8.5 

69  100.0  69 

62  100.0  62 

88  100.0  88 

3 4.1  71  95.9  74 


IFICATION  OF  CHROMOSOMAL  FINDINGS  - NORMAL  AND  VARIANT  TYPES 

iriation  including:  long  #2,  long  short  arm  G,  secondary  constriction  #1,  fragile  #16, 

o a mutagenic  agent  including:  quadriradials , endoreduplication,  fragmented  chromosomes. 
Teaks,  etc. 

to  mechanical  or  technical  error  including:  gaps  or  single  chromatid  breaks. 


TABULATION  OF  INDIVIDUAL  CATEGORIES  AND  COMBINATIONS 


type  designated  Any  A A only,  or  in  combination  with  B and/or  C 

jrpes  designated  Any  B B " , " " " " A and/or  C 

■ A+B+C  types  Any  C C " , " " " ’’  A and/or  B 

C RAny  A and/or  B A &/or  B alone  or  in  any  combination  of  other  types 

types  other  than  D lAny  A and/or  C A or  C alone  or  in  any  combination  of  other  types 

C or  B+C)  lAny  B and/or  C B or  C " " " " " " " " 

k only  or  B only  or  C oril3^A  and/or  B and/or  C..A  or  B or  C alone  or  in  any  " " " " 


TOTAL 


# 


162 


at  one  successful  cultuce.  4 Matched,  Unmatched,  Exposed  and  Near. 

ies.  A father  with  a succes.‘<ful  culture  is  classified  in  only  one  chromoj^omal  category  - e.g.  with 
”,  or  in  a combination  "AB". 


tt  tl 

tl  ft 


TABLE  CS-2B 


SUMMARY  OF  CHROMOSOMAL  FINDINGS  ON  FATHERS  BY  RADAR-MICROWAVE 
Includes  Down's,  Controls,  and  New  Match  Fathers  from  Original  | 


ANY 

1 TYPE 

3 TYPES 

TWO 

ONE  TYPE 

ONLY -A, 

ANY 

ANY 

ANY 

Radar  - Microwave  Status 

ABC 

ONLY 

B.  or  C 

A 

B 

C At 

TOTALS 


Matched  Pairs 


Exposed 
Unexposed 
Near  Exposure 
Unexposed  Matches 
Unmatched 


Exposed 
Near  Exposure 
Unexposed 
Pooled  Groups 


Exposed (Match  + Unmatch] 

Matched  Only 
Exposed  + Near  Exp. 

All  types  Exposed 
All  Un 


1 1.9 

0 0.0 
0 0.0 


8 14.5  44  80.0  22  40.0 

6 11.1  47  87.0  22  40.7 

1 14.3  6 85.7  3 42.9 

0 0.0  7 100.0  2 28.6 


14.3  12  85.7 

16.7  10  83.3 

0.0  10  100.0 


5U.0 
33.3  0 
40.0  0 


.3  10  14.5  56  81.2  29  42.0 


9 14.5  50  80.6  25  40.3 

13  14.8  72  81.8  36  40.1 

6 8.5  64  90.1  28  39.4 


59 

37.1 

47 

29.6 

20 

36.4 

21 

38.2 

22 

40.7 

13 

24.1 

1 

14.3 

4 

57.1 

2 

28.6 

0 

0.0 

7 

50.0 

3 

21.4 

4 

33.3 

4 

33.3 

2 

20.0 

2 

20.0 

27 

39.1 

24 

34.8 

21 

33.9 

25 

40.3 

32 

36.4 

J2 

36.4 

26 

36.6 

15 

21.1 

CLASSIFICATION  OF  CHROMOSOMAL  FINDINGS  - NORMAL  AND  VARIANT  TYPES 

Category  D - Normal 

Category  A - Cytological  abnormality  or  variation  including;  long  #2,  long  short  arm  G,  secondary  co 
uncoiled  #1,  etc. 

Category  B - Abnormality  that  may  be  due  to  a mutagenic  agent  including:  quadriradials , endoreduplic 
dicentric,  double  chromatid  breaks,  etc. 

Category  C - "Abnormality"  that  may  be  due  to  mechanical  or  technical  error  including;  gaps  or  singl 


TABULATION  OF  INDIVIDUAL  CATEGORIES  AND  COMBINATIONS 


D,A,B,C  respectively only  the  1 type  designated 

AB,AC,BC both  the  types  designated 

ABC all  3 types  A+B+C  types 

1 deviant  type  only A or  B or  C 

2 types 2 deviant  types  other  than  D 

(A+B  or  A+C  or  B+C) 


Any  A A only,  or  il 

Any  B B " , " " 

Any  C C " , " " 

Any  A and/or  B A &/or  B alol 

Any  A and/or  C A or  C alone 

Any  B and/or  C.......B  or  C " 


Any  1 type.. D only  or  A only  or  B only  or  C only  A and/or  B and/or  C..A  or  B or  C I 


7.  Based  on  number  of  persons  with  at  least  one  successful  culture.  + Matched,  Unmatched,  Exposed  i 

* Mutually  exclusive  chromosomal  categories.  A father  with  a successful  culture  is  classified  in  on] 
an  individual  defect  "A  only",  "B  only",  or  in  a combination  "AB". 


1 


■)INGS  ON  FATHERS  BY  RADAR-MICROWAVE  EXPOSURE  STATUS 
nd  New  Match  Fathers  from  Original  and  Current  Series 


Ik 

t-A,  ANY 


ANY  ANY 

A6c/orC  B&/orC 


A&/or 

B&Zerc 


CULTURE 
I LURE  SUCCE 


59 

37.1 

47 

29.6 

62 

39.0 

51 

32.1 

86 

54.1 

88 

55.3 

3 

1.9 

20 

36.4 

21 

38.2 

22 

40.0 

23 

41.8 

32 

58.2 

33 

60.0 

0 

0.0 

22 

40.7 

13 

24.1 

23 

42.6 

14 

25.9 

28 

51.9 

29 

53.7 

1 

1.8 

1 

14.3 

4 

57.1 

1 

14.3 

4 

57.1 

4 

57.1 

4 

57.1 

0 

0.0 

2 

28.6 

0 

0.0 

2 

28.6 

0 

0.0 

2 

28.6 

2 

28.6 

0 

0.0 

7 

50.0 

3 

21.4 

7 

30.0 

4 

28.6 

9 

64.3 

9 

64.3 

0 

0.0 

4 

33.3 

4 

33.3 

4 

33.3 

4 

33.3 

6 

50.0 

6 

50.0 

0 

0.0 

2 

20.0 

2 

20.0 

2 

20.0 

2 

20.0 

4 

40.0 

4 

40.0 

2 

16.7 

27 

39.1 

24 

34.8 

29 

42.0 

27 

39.1 

41 

54.4 

42 

60.9 

0 

0.0 

21 

33.9 

25 

40.3 

23 

37.1 

27 

43.5 

36 

58.1 

37 

59.7 

0 

0.0 

32 

36.4 

32 

36.4 

34 

38.6 

35 

39.8 

51 

58.0 

52 

59.1 

0 

0.0 

26 

36.6 

15 

21.1 

27 

38.0 

16 

22.5 

34 

47.9 

35 

49.3 

3 

4.1 

FINDINGS  - NORMAL  AND  VARIANT  TYPES 


1 #2,  long  short  arm  G,  secondary  constriction  #1,  fragile  #16, 
piding:  quadriradlals , endoreduplication,  fragmented  chromosomes, 
eal  error  including;  gaps  or  single  chromatid  breaks. 


CATEGORIES  AND  COMBINATIONS 

Any  A A only,  or  in  combination  with  B and/or  C 

Any  B B " , " " " " A and/or  C 

Any  C C " , " " " " A and/or  B 

Any  A and/or  B A &/or  B alone  or  in  any  combination  of  other  types 

Any  A and/or  C A or  C alone  or  in  any  combination  of  other  types 

Any  B and/or  C B or  C " " " " 

A and/or  B and/or  C..A  or  B or  C alone  or  in  any  " " " " 


+ Matched,  Unmatched,  Exposed  and  Near. 

•sful  culture  is  classified  in  only  one  chromosomal  category  - e.g.  with 


T.\BLE  CS3 


SL'MMARY  OF  CHROMOSOMAL  VARIANTS  IN  CATEGORY 


"A'^ 


Y APPEARANCE  I 


MATCHED  PAIRS 
Exposed 
Unexposed 

Near  Exposure 
Unexposed 

UNMATCHED 

Exposed 

Near  Exposure 

Unexposed 

TOTAL 


MATCHED  PAIRS 
Exposed 
Unexposed 

Near  Exposure 
Unexposed 

UNMATCHED 

Exposed 

Near  Exposure 

Unexposed 

TOTAL 


Long  #2 ' s 

(A) 

Fragile  #16  ( 

Code 

H 

Code 

112*' 

Code 

"3" 

Code 

*'4*i 

Code 

II  ^11 

Code 

"6" 

Code 

II  yii 

Code 

II  ^11 

Code 

II 2** 

Code 

II 2" 

Code  Coi 

ii^ii  III 

1 

0 

0 

1 

0 

0 

53 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

54 

0 

0 

1 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

• 

0 

0 

0 

0 

0 

0 

14 

0 

0 

1 

0 1 

0 

0 

0 

0 

0 

0 

12 

0 

0 

0 

0 1 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

157 

0 

0 

2 

0 

I Secondary  Constriction  #1 
Uncoiled  #1  (A) 

Total  Failed  Code  Code  Code  Code  Code  Code  Code 

Fathers  Cultures  "1"  "2"  "3"  "4"  "5"  "6"  "7" 


1 53 

0 54 


Secondary  Constrict 


de  Code  C 

311  ii^ii 


0 0 
0 0 


0 14 
0 12 
0 10 

1 157 


OSOMAl.  VARIANTS  IN  CATKClOKV  "A 

Qv 

AHHKARANCK 

IN  Hl.OUO 

Cl'l.TCRFS 

n 

(A^ 

Fragile  'il6 

(A) 

Long  Sho 

rt  Arm  G(A) 

n 

Code  Code 

Code 

Code 

Code 

Code 

Code 

Code 

Code 

Code 

Code 

Code 

Code 

Code 

Code  Code 

Code 

11  ^tl 

■6" 

M 

"1" 

"2" 

11311 

II  311 

"6" 

II  yii 

II  pi 

"2" 

II  311 

"4" 

"5" 

"6" 

II  y II 

» 1 

0 

0 

53 

0 

0 

0 

0 

0 

0 

55 

0 

1 

0 

0 

0 

0 

54 

^ 0 

0 

0 

54 

0 

0 

1 

0 

0 

0 

53 

0 

0 

0 

0 

0 

0 

54 

[>  0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

7 

D 0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

7 

D 0 

0 

0 

14 

0 

0 

1 

0 

0 

0 

13 

0 

0 

0 

0 

0 

0 

14 

[>  0 

0 

0 

12 

0 

0 

0 

0 

0 

0 

12 

0 

0 

0 

0 

0 

0 

12 

f ° 

0 

0 

10 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

10 

LI. 

0 

0 

157 

0 

0 

2 

0 

0 

0 

157 

0 

1 

0 

0 

0 

0 

1 7^ 

IConstriction 

"#r 

lied  #1 

(A) 

' Secondary  Constriction 

#9  (A) 

Prominent  D 

Satel lite 

(A) 

k Code 

Code  Code 

Code 

f 

Code 

Code 

Code 

Code 

Code 

Code 

Code 

Code 

Code 

Code 

Code 

Code  Code 

Code 

II 

M 

'6" 

II  yit 

II  |ll 

II  711 

II  311 

"4" 

11  311 

”6" 

M yil 

"1” 

11711 

"3" 

11411 

n 311 

"6" 

11  yii 

0 

0 

1 

53 

0 

0 

1 

0 

0 

0 

54 

0 

1 

0 

0 

0 

0 

54 

0 

0 

0 

54 

0 

0 

0 

0 

0 

0 

54 

0 

1 

0 

0 

0 

0 

53 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

14 

0 

0 

0 

0 

0 

0 

14 

0 

0 

0 

0 

0 

0 

14 

0 

0 

0 

12 

0 

0 

0 

0 

0 

0 

12 

0 

0 

0 

0 

0 

0 

12 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

10 

‘ 0 

0 

i 

157 

0 

0 

1 

0 

0 

0 

158 

0 

2 

0 

0 

0 

0 

157 

L including 

long  yi2,  long  short  arm  C, 

secondary 

constrictic 

■•n  , 

fragile  ^^16,  uncoiled 

etc . 

Code  Numbers 

ng  just 

1 successful  donel  in 

all 

cells 

Ig  just 

1 successful  done)  presumed  to 

be  in 

all 

cel  Is 

but  not  always  visihl** 

»r  not 

counted  just  noted 

Ig  Just 

1 successful  done)  in 

-1  cell. 

not  all 

Ig  just 

1 successful  done>  in 

1 cell  only 

It  not 

in  al  1 

cultures , 

found 

in 

1 cell  of  one  culture,  or  ' 

1 cell 

of 

It  not 

In  all 

cultures. 

found 

in  only  1 

cel  1 

of  any  culture 

L 


TABLE  CS4 


SUMMARY  OF  CHROMOSOMAL  ABNORMALITIES  IN  CATEGORY  "B"  BY  API 

(excluding  Endoredup licatlon) 


Total 

Failed 

Fathers 

Cultures 

MATCHED  PAIRS 

Exposed 

55 

0 

Unexposed 

55 

1 

Near  Exposure 

7 

0 

Unexposed 

7 

0 

UNMATCHED 

Exposed 

14 

0 

Near  Exposure 

12 

0 

Unexposed 

12 

2 

TOTAL 

162 

3 

Total 

Fathers 


Failed 

Cultures 


MATCHED  PAIRS 

Exposed 

55 

Unexposed 

55 

Near  Exposure 

7 

Unexposed 

7 

UNMATCHED 

Exposed 

14 

Near  Exposure 

12 

Unexposed 

12 

TOTAL 

162 

Strands  Between  Chromosomes  (B) 


Code  Code  Code  Code  Code  Code  Code 

II  1^11  II2II  ii^i'  11^"  11511  "^11  iiyii 


Quadrin 


Code  Code  Code 

ii|^ii  112"  ii^ii 


0 14 

0 12 
0 10 


0 158 


0 0 0 
0 0 0 
0 0 0 


Fragmented  (B) 


Code  Code  Code  Code  Code  Code  Code 
"1"  "2"  "3"  "4"  "5*'  "5"  "7" 


Double  Ch; 


Code  Code  Code 

II  M 2*1  '*3*' 


0 50 

1 42 


0 1 

3 22 


1 7 
0 10 
0 9 

2 132 


O Catecorv  B - Abnormality  that  may  be  due  to  a mutagenic  agent:  including  quadriradial 

breaks,  etc. 

Code  Numbers 

1 » yes,  in  aU  successful  cultures  (including  just  1 successful  done)  in 

2 = yes,  in  £ll  successful  cultures  (Including  just  1 successful  done)  pra 

abnormalities  e.g.  prominent  satellite  or  not  counted  just  noted 

3 = yes,  in  aU  successful  cultures  (including  just  1 successful  done)  in 

4 = yes,  in  aU  successful  cultures  (including  just  1 successful  done)  in  ; 

5 m yes,  in  1 or  more  successful  cultures,  but  not  in  all  cultures,  found 

5 m yes,  in  1 or  more  successful  cultures,  but  not  in  all  cultures,  found 

7 - no,  in  all  successful  cultures 


nint  Tn/?DAPUV 


•RMALITIES  IN  CATEGORY  "B" 


BY  APPEARANCE  IN  BLOOD  CULTURES 


(excluding  Endoredup lica t Ion) 


hromosomes  (B) 


Code  Code  Code 

II5II  '*5*' 


0 0 14 

0 0 12 

0 0 10 


2 132 


I 


Quadrlradlals  (B) 


Code  Code  Code  Code  Code  Code  Code 

IIJII  M2H  ll^l*  ll^ll  '*5**  Myil 


Dicentrics  (B) 


Code  Code  Code  Code  Code  Code  Code 

iij^n  it2»»  *'3*'  it^it  "5"  M yii 


0 0 


0 0 


0 14 

0 12 
0 10 


1 157 


1 (B) 

r 

1 Code 

Code 

Code 

tt^M 

"6" 

If 

0 

0 

50 

0 

1 

42 

0 

0 

7 

0 

0 

7 

0 

1 

7 

^ 0 

0 

10 

0 

0 

9 

Double  Chromatid  Breaks  (B) 


Code  Code  Code  Code  Code  Code  Code 

iijii  ti2ii  iij"  "4"  "5"  I'gii  i'2" 


0 0 

0 3 

0 0 


3 13 


0 14 

0 9 

0 10 


1 142 


0 

0 

0 

0 

0 

1 

13 

0 

0 

0 

0 

0 

0 

12 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

3 

0 

2 

154 

■ 

Isochromatid  Breaks 

(B) 

Code 

Code 

Code 

Code 

Code 

Code 

Code 

M l^tl 

M 2(1 

n 

11^11 

"6" 

llyil 

0 

0 

0 

0 

0 

0 

55 

0 

0 

0 

0 

0 

0 

54 

0 

0 

0 

1 

0 

0 

6 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

— 

14 

0 

0 

0 

0 

0 

0 

12 

0 

0 

0 

0 

0 

0 

10 

0 158 


‘ enic  agent;  including  quadriradlal , endoreduplicatlon,  fragmented,  dicentric,  double  chromatid 
breaks,  etc. 

Code  Numbers 

Including  just  1 successful  done)  in  all  cells 

Including  just  1 successful  done)  preaiimed  to  be  in  all  cells  but  not  always  visible  (as  in  A 
lllte  or  not  counted  just  noted 

Including  just  1 successful  done)  in  ''1  cell,  not  all 
Including  just  1 successful  done)  in  1 cell  only 
res,  but  not  in  all  cultures,  found  in  ''1  cell  of  one  culture,  or  ^1  cell  of  ''1  culture 
res,  but  not  in  all  cultures,  found  in  only  1 cell  of  any  culture 


1) 


1 


TABLE  CS-5 


ENDOREOUPLICATION  (B  CATEGORY  VARIANT) 


Tota  1 
Fathers 

Failures 

7o 

Tot. 

Code 

II 

7o 

Sue . 

Code 

ll2M 

7. 

Sue . 

Code 

II  ^11 

7. 

Sue . 

Code 

"4" 

7o 

Sue . 

s 

ngi 

MATCHED  PAIRS 
Exposed 

Unexposed 

Near  Exposed 

Unexposed 

55 

55 

7 

7 

0 

1 

0 

0 

0 

1.8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1.8 

1.9 

0 

0 

6 

9 

0 

1 

10.9 

16.7 

0 

14.3 

0 

0 

0 

0 

UNMATCHED 

Exposed 

14 

0 

0 

0 

0 

0 

0 

0 

0 

1 

7.1 

0 

Near  Exposed 

12 

0 

0 

0 

0 

0 

0 

0 

0 

1 

8.3 

0 

Unexposed 

12 

2 

16.7 

0 

0 

0 

0 

0 

0 

1 

10.0 

0 

TOTAL 

162 

3 

1.9 

0 

0 

0 

0 

2 

1.3 

19 

11.9 

0 

Code  Nuiribers 

1 = yes,  in  all  successful  cultures  (including  Just  1 successful  done)  in  all  cells 

2 = yes,  in  all  successful  cultures  (Including  just  1 successful  done)  presumed  to  be  in  all  ( 

abnormalities  e.g.  prominent  satellite)  or  not  counted  just  noted 

3 = yes,  in  all  successful  cultures  (including  just  1 successful  done)  in  ;>1  cell,  not  all 

4 = yes,  in  all  successful  cultures  (including  just  1 successful  done)  in  1 cell  only 

5 = yes,  in  1 or  more  successful  cultures,  but  not  in  all  cultures,  found  in  M cell  of  one  ci 

6 = yes,  in  1 or  more  successful  cultures,  but  not  in  all  cultures,  found  in  only  1 cell  of  ai 

7 = no.  in  all  successful  cultures 


4 


ENlH'KKDI'lM.U'AriON  (.B  c:A  I'KOOKV  VAKlAN'l") 


SI 

iB’de 

- 

l\ide 

X 

•*/ 

- 

Code 

" 1" 

Sue . 

"4*' 

Sue  . 

"S" 

Sue  . 

"o" 

Sue  . 

H -JH 

Sue . 

0 

0 

1 

1 . 8 

U) . 

0 

0 

1 

1.8 

47 

8S.  S 

N 

- SS 

0 

1) 

1 

1 

10.7 

0 

0 

0 

0 

44 

81  . ^ 

N 

= 44 

0 

tt 

1) 

0 

t) 

t) 

0 

0 

0 

0 

7 

1 00 . 0 

N 

- 7 

0 

0 

t) 

t) 

1 

1-*.  1 

0 

0 

0 

0 

8S.  7 

N 

= 7 

0 

0 

t) 

il 

fl 

7.  1 

0 

0 

0 

0 

13 

. '■> 

N 

= 14 

0 

0 

0 

t1 

8.  1 

0 

0 

0 

0 

1 1 

41.7 

N 

= 12 

0 

1) 

t> 

tl 

■ 

10.0 

0 

0 

0 

0 

4 

40.0 

N 

= It) 

"o 

D 

•1 

1 . 1 

i‘> 

1 1 .‘I 

0 

0 

1 0 . 0 

N 

= 139 

t Code  Mumlu'rs 

Rust  1 siieeess 1 11 1 doiuO  in  a 1 I cells 

[just  1 siieeessiiil  linnel  presumed  to  Be  in  all  cells  hut  not  always  visible  ias  in  A 
inot  counted  just  noted 

[just  I snccesstnl  donel  in  I cell,  not  all 
Just  I snccesstnl  ilonel  in  1 cell  only 

not  in  all  cultures,  t ound  in  1 cell  ot  one  culture,  or  1 cell  ot  1 culture 
not  In  all  cultures,  found  in  only  1 cell  of  any  culture 


TABLE  CS-6 


SUMMARY  OF  CHROMOSOMAL  ABNORMALITIES  IN  CATEGORY  "C" BY  APPEARANCE 


o 

llpfl  I 


MATCHED  PAIRS 
Exposed 
Unexposed 

Near  Exposure 
Unexposed 

UNMATCHED 

Exposed 

Near  Exposure 

Unexposed 

TOTAL 


Total 

Fathers 


Failed 

Cultures 


Gaps  (C) 


Code  Code  Code  Code  Code  Code  Code 

II  1^11  112"  "2**  11511  ugii  iiyil 


1 38 

1 44 


6 27 


0 13 


0 10 


2 124 


Category  C - "Abnormal 1 tv"  that  may  be  due  to  mechanical  or  technical  error;  including  gaps 


yes,  in  al 1 successful  cultures  (Including 
yes,  in  all  successful  cultures  (including 
abnormalities  e.g.  prominent  satellite)  or 
yes,  in  all  successful  cultures  (including 
yes,  in  all  successful  cultures  (including 
yes,  in  1 or  more  successful  cultures,  but 
yes,  in  I or  more  successful  cultures,  but 
no,  in  all  successful  cultures 


Code  Numbers 


just  1 successful  done)  in  all  cells 

just  1 successful  done)  presumed  to  be  in  all 

not  counted  just  noted 

just  1 successful  done)  in  ^1  cell,  not  all 
just  1 successful  done)  in  1 cell  only 
not  in  all  cultures,  found  in  "^l  cell  of  one  c 
not  in  all  cultures,  found  in  only  1 cell  of  a 


LITIES  IN  CATEGORY  "C"  BY  APPEARANCE  IN  BUaiD  CULTURES 


Gaps  (C) 

Single 

Chromatid 

Breaks  (C) 

Code 

M ^11 

Code 

M 2<< 

Code 

"3" 

Code 

•%i* 

Code 

"5" 

Code 

"6" 

Code 

II 

Code 

II  ^11 

Code 

II 2'* 

Code 

"3" 

Code 

"4" 

Code 

It  ^11 

Code 

"6" 

Code 

M 

0 

0 

2 

lA 

0 

1 

38 

0 

0 

2 

7 

0 

0 

46 

0 

0 

3 

6 

0 

1 

44 

0 

0 

1 

5 

0 

1 

47 

0 

0 

1 

3 

0 

0 

3 

0 

0 

0 

1 

0 

0 

6 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

1 

0 

0 

13 

0 

0 

0 

2 

0 

0 

12 

0 

0 

0 

2 

0 

0 

10 

0 

0 

0 

2 

0 

0 

10 

0 

0 

0 

1 

0 

0 

9 

0 

0 

0 

2 

0 

0 

8 

0 

0 

6 

27 

0 

2 

124 

0 

0 

3 

19 

0 

1 

1 16 

leal  or  technical  error:  Including  gaps  or  single  chromatid  breaks 


Code  Numbers 


1 successful  done)  in  al 1 cells 

1 successful  done)  presumed  to  be  in  all  cells  but  not  always  visible  (as  in  A 
Counted  Just  noted 

1 successful  done)  in  -1  cell,  not  all 
1 successful  done)  in  1 cell  only 

In  all  cultures,  found  in  -^1  cell  of  one  culture,  or  ^1  cell  of  1 culture 
Ln  all  cultures,  found  in  only  1 c“ll  of  anv  culture 


100.0 

78.2 

66.7 

60.0 

100.0 

0 

75.6 


98.2 
76.4 

73.3 

66.7 
0 

100.0 

74.7 


100.0 

85.7 

100.0 

0 

0 

0 

87.5 


1 

% 

All 

% 

Sue . 

c 

Sue , 

B 

Sue . 

11.6 

6 

14.0 

20 

46.5 

0 

5 

50.0 

0 

0 

0 

0 

0 

0 

0 

66.7 

1 

33.3 

2 

66.7 

0 

0 

0 

0 

0 

11.9 

12 

20.3 

23 

40.0 

11.9 

5 

11.9 

14 

33.3 

9.1 

1 

9.1 

8 

72.7 

0 

0 

0 

1 

50.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10.7 

6 

10.7 

23 

41.1 

16.7 

2 

33.3 

■ 

16.7 

0 

1 

100.0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

14.3 

3 

42.9 

1 

14.3 

173 


TABLE  CS-8B 


DISTRIBUTION  OF  CHROMOSOME  RESULTS  BY  SPECIMEN  AND  PAT 

Unmatched  Father 


|Total 

Successful 

Cultures 

X ■ 

Total 

Failures 

D 

X 

Sue . 

A 

% 

Sue . 

AB 

X 

Sue , 

AC 

X 

Sue . 

AB 

UNMATCHED 

1 

Exposed 

1 

Total  Subjects 

14 

14 

100,0 

0 

1 

Ist  Specimen 

14 

10 

71.4 

4 

2 

20.0 

1 

10.0 

0 

0 

0 

0 

0 

2nd  Specimen 

6 

3 

50.0 

3 

2 

66.7 

0 

0 

1 

33.3 

0 

0 

0 

3rd  Specimen 

3 

3 

100.0 

0 

1 

33.3 

0 

0 

0 

0 

0 

0 

0 

4th  Specimen 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

oi 

5th  Specimen 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Specimens 

23 

16 

69.6 

7 

5 

31.3 

1 

6.3 

1 

6.3 

0 

0 

0 

Near  Exposed 

Total  Subjects 

1? 

12 

100.0 

0 

1st  Specimen 

12 

11 

91.7 

1 

6 

0 

0 

0 

0 

0 

0 

0 

0 

2nd  Specimen 

1 

1 

100.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3rd  Specimen 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4th  Specimen 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5th  Specimen 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Specimens 

13 

12 

92.3 

1 

6 

50.0 

0 

0 

0 

0 

0 

0 

0 

Unexposed 

Total  Subjects 

12 

10 

83.3 

2 

1st  Specimen 

12 

8 

66.7 

4 

5 

27.8 

0 

0 

0 

0 

0 

0 

0 

2nd  Specimen 

2 

2 

100.0 

0 

1 

50.0 

0 

0 

0 

0 

0 

0 

0 1 

3rd  Specimen 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4th  Specimen 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5th  Specimen 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total  Specimens 

14 

10 

71.4 

4 

6 

60.0 

0 

0 

0 

0 

0 

0 

0 ] 

Categories  D,  A,  B,  C,  AB,  AC,  BC  and  ABC  are  mutually  exclusive  (as  in 
Categories  "all  B",  "all  A",  "all  C"  are  respectively  synonymous  with  "anj 
and  are  not  mutually  exclusive,  i.e.,  cultures  showing  multiple  defects  ai 
example,  cultures  with  both  A and  B defects  would  be  counted  in  "any  A"  ai 
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Itually  exclusive  (as  in  Table  CS-2A). 

kvely  synonymous  with  "any  B" , "any  A",  and  "any  C"  respectively  of  Table  CS-2B 
Bowing  multiple  defects  are  counted  in  any  and  all  categories  applicable,  for 
M be  counted  in  "any  A"  and  again  in  "any  B" . 


FIGURE  2 


Some  Types  of  Chromosome  Aberrancy  Observed 


a.)  Secondary  Constriction;  b.)  Quadrlradlal ; c.)  Dicentric;  d.)  Fragment; 
e.)  Isochromatid  Break;  £.)  Gap 
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abnormalities  e,g.  prominent  satellite  or  not  counted  just  noted 
= yes,  in  ^ successful  cultures  (including  just  1 successful  done)  m 

= yes,  in  ^ successful  cultures  (including  just  1 successful  done)  in 

» yes,  in  1 or  more  successful  cultures,  but  not  in  all  cultures,  found 

= yes,  in  1 or  more  successful  cultures,  but  not  in  all  cultures,  found 

= no,  in  all  successful  cultures 
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STUDY 


APPENDIX  A 
Part  a 


CONTRACTOR'S  PROPOSAL  FOR  CURRENT  STUDY  SPRING,  1969 


Parental  Radiation  Exposure  and  Down's  Syndrome,  with  Particular 
Attention  to  Ionizing  Radiation  and  Radar 
(Revised  4/25/69  - Confined  to  Baltimore  Metropolitan  Area) 

Purpose:  To  determine  whether  the  parents  of  mongols  differ  from  the  parents  of 
matched  normal  controls  with  regard  to  exposure  to  radar  and/or 
ionizing  radiation  and  to  examine  the  chromosomes  of  those  radar-exposed 
parents  and  corresponding  parents  from  the  matched  series  for  any 
discernible  differences  and/or  abnormalities. 

Specific  Aims: 

1.  To  compare  the  parents  of  mongols  with  those  of  controls  with  regard  to 
reported  radar  exposure,  occupations  involving  radar  exposure  or  exposure 
to  any  sources  of  radioactive  substances  or  radiation. 

2.  To  compare  mothers  and  fathers  of  Down's  syndrome  cases  with  mothers  and 
fathers  of  matched  controls  with  regard  to  medical  radiation  (diagnostic 
and/or  therapeutic)  exposure. 

3.  To  compare  the  parents  of  mongols  and  of  controls  with  regard  to  other 
factors  (socioeconomic  status,  religion,  menstrual  and  medical  history, 
marital  history  etc.)  recognized  or  suspected  to  bo  associated  with  the 
occurrence  of  Down's  syndrome  and  to  examine  their  possible  interaction 
with  radar  and/or  ionizing  radiation  exposure. 

4.  To  examine  the  chromosomes  of  the  fathers  (or  motliers)  with  a history  of 
exposure  to  radar  and  the  fathers  (or  motliers)  of  children  matched  to 
them,  and  to  compare  them. 

Method  of  Procedure 

1.  Subjects 

Selection  of  cases.  Children  with  a diagnosis  of  mongolism  and  born 
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after  January  1,  1945  In  the  greater  Baltimore  area  ascertained  from  the  Maryland 
State  Training  School,  other  special  Institutions  for  the  retarded  In  the  Baltimore 
Metropolitan  area  Including  special  private,  county,  parochial,  and  public  schools, 
Baltimore  area  hospitals  and  private  physicians. 

Since  a similar  previous  study  has  been  carried  out  In  the  BaltliiKtre  area, 
the  interview  sample  will  he  confined  to  those  cases  not  ascertained  in  the  previous 
study.  From  I 1/I94n  to  10/1/1962,  421  cases  were  collected  In  the  previous 
Baltimore  area  study,  with  288  meeting  the  study  reqvilrements  and  21f>  available  for 
Interview.  At  the  same  rate  of  1.4  per  month  meeting  requirements  and  1,07  per 
month  available  for  interview.  It  is  estimated  that  approximately  lOS  additional 
mongols  may  be  obtained  for  the  Baltimore  area  from  I0'l/h2  - 1 1 69  (with  at  least 
80  available  for  final  studyl.  If  1945  is  added  approximately,  13-16  more  cases 
would  be  available. 

Oiagnostic  criteria:  The  following  set  of  physical  criteria  for  Oowti's  syndrome 
based  on  consistently  observed  findings  (See  Table  11  as  previously  reported  will 
be  considered  "primary"  criteria: 

Brachycephaly 

Slanted  palpebral  fissures 

Kplcanthlc  folds 

Palmar  simian  lines 

Malformed  ears 

Broad  and/or  short  neck 

Malformed  fingers  and/or  hands 

Nasal  abnormality 

Hypertelorl sm 

Abnormal  palate 

Brushfleld  spots 

Broad  and/or  short  trunk 
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TABLE  I 


Physical  findings  in  cases  of  Down's  syndrome  (from  Sigler, 
Lilienfeld,  Cohen,  Westlake,  1965) 


Physical  signs 


Physical 
signs  present 
No.  7o 


Brachycephaly 

169 

87.1 

Slanted  palpebral  fissures 

177 

91.2 

Epicanthlc  folds 

155 

79.9 

Palmar  simian  lines 

126 

64.9 

Malformed  ears 

160 

82.5 

Broad  and/or  short  neck 

147 

75.8 

Malformed  fingers  and/or  hands 

156 

80.4 

Nasal  abnormality 

177 

91.2 

Hypertelorism 

186 

95.9 

Abnormal  palate 

164 

84.5 

Brushfield  spots 

107 

55.2 

Broad  and/or  short  trunk 

159 

82.0 

! 
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Selection  of  control  subjects;  The  birth  certificates  of  the  children  with  Down's 
syndrome  will  be  located  and  their  place  of  birth  and  other  vital  information 
verified.  Control  subjects  will  then  be  selected  by  rigidly  matching,  in  a 
systematic  manner,  each  case  with  another  certificate  for  (1)  hospital  of  birth 
(or  at  homel;  (2)  sex  of  child  (3)  maternal  age  at  time  of  birth  of  child  and 
(4>  date  of  birth. 

In  each  case  the  best  control  would  be  a child  whose  birth  date  was  closest 
to  that  of  the  Doxm's  child  of  the  same  sex  born  in  the  same  hospital  to  a mother 
of  the  same  age.  If  the  best  control  on  the  basis  of  established  criteria  either 
has  left  the  state  or  cannot  be  located,  the  next  best  control  will  be  selected  - 
l.e.  with  slightly  greater  difference  in  birth  dates  - the  other  criteria  remaining 
the  same. 

The  hospital  records  as  well  as  birth  certificates  of  all  control  children 
will  be  examined  to  be  certain  that  the  "normal”  control  group  contains  no  cases 
of  Down's  syndrome. 


II.  Data  to  be  Collected: 

A.  Hospital,  medical  and  vital  records 

Birth  records  - certificate  and  hospital  and  other  available  liospital 
and  medical  records  will  be  examined  for  pertinent  information. 

B.  Interviews 

Mothers,  and,  wherever  possible,  fathers,  will  be  interviewed  to  obtain 
further  information.  Where  mothers  or  fathers  are  deceased.  Information  will  be 
obtained  insofar  as  possible  from  the  surviving  parent.  Where  both  parents  are 
deceased,  the  subject  will  be  excluded  from  the  matched  series  but  analyzed  in  a 
special  study  series. 
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hospital  to  obtain  documentation  of  those  characteristics  Independently 
and  irrespective  of  information  obtained  on  interview.  If  any  records 
at  the  hospitals  are  available  for  these  persons,  the  charts  will  be 
reviewed  for  medical  diagnosis  during  outpatient  visits  and  inpatient 
stays,  surgical  procedures  and  x-ray  and  other  radiation  exposure.  The 
interview  and  the  hospital  record  findings  will  then  be  compared. 

C.  Chromosome  studies 

The  chromosomes  of  fathers  who  reported  a history  of  radar  exposure  will 
be  examined  to  determine  whether  any  aberrations  - aneuploidy,  breaks,  etc.  - are 
noted.  As  a comparison  group  the  chromosomes  of  fathers  of  the  children  matched  to 
those  wliose  fathers  indicated  radar  exposure  will  also  be  studied. 

In  the  series  already  published  (Sigler,  Lillenfeld,  Cohen  ,Si  Westlakel 
18  fathers  of  children  with  Oown's  syndrome  and  7 fathers  of  control  children  reported 
definite  radar  exposure  with  several  additional  fathers  (81  having  questionable  exposure. 
These  25-33  fathers  and  the  25-33  fathers  of  children  matched  to  those  cases  and 
controls  will  be  located  and  bloods  drawn  for  chromosome  analysis.  It  is  estimated 
that  the  similar  study  planned  to  collect  cases  from  10/1/62  - l/l/b*!  in  the  Baltimore 
area  with  the  Inclusion  of  1945  should  yield  at  least  11  additional  exposed  fathers  and 
11  matched  fathers  or  a total  of  72-80  fathers  on  wliom  chromosome  stvidies  will  be 
carried  out.  This  estimate  assumes  that  the  rate  of  Oown's  syndrvmie,  radar  exposure 
and  ascertainment  will  be  similar  for  the  years  to  be  studied  in  cimiparison  with 


those  vears  alreadv  examined. 
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The  numbers  involved  are  indicated  on  the  accompanying  table.  There 
is  an  additional  small  number,  from  the  previous  samples,  who  indicated  that  they 
had  worked  near  radar  or  had  had  some  radar  exposure  which  was  Judged  questionable 
and  therefore  not  included  in  the  original  series  judged  to  be  definitely  radar 
exposed.  It  would  be  desirable,  if  possible,  to  study  this  group  of  "possible 
or  questionable  exposures"  to  determine  whether  they  differ  in  any  way  from  the 
non-exposed  persons. 

I 

i 

i 


i; 

i 


I 

i 
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ADDITIOtiAL  MONGOLISM  CASES  EXPECTED 
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In  sunnnary,  the  funds  requested  will  be  used  to: 

1.  Locate  the  fathers  of  cases  and  controls  who  had  reported  radar 
exposure  in  the  1/1/46  - 10/1/62  series  and: 

A.  Bring  their  records  up  to  date  obtaining  more  detailed 
information  of  exposure  and  their  experience  since  our 
last  contact. 

B.  Obtain  blood  samples  for  chromosome  studies. 

C.  Carry  out  complete  chromosome  analysis  on  these  fathers. 


2.  Locate  the  fathers  of  cases  and  controls  matched  to  the  radar 
exposed  subjects  and  carry  out  the  same  procedures  (A,  B,  AND 
C indicated  above)  for  these  fathers. 

3.  Identify  and  trace  children  with  Down's  syndrome  born  in  the 
Baltimore  area  from  10/1/62  to  1/1/69  as  well  as  1/1/45  - 
12/31/45  and: 

A.  Verify  diagnosis 

B.  Search  birth  certificates  on  these  affected  children 

C.  Select  controls  matched  to  ascertained  cases  by  hospital, 
date  of  birth,  maternal  age,  race  and  sex  of  infant. 

4.  Carry  out  interviews  of  parents  of  Down's  cases. 

5.  Trace  selected  matched  controls  and  similarly  interview 
their  parents. 

6.  Obtain  blood  samples  and  carry  out  chromosome  analysis  on  all 
fathers  (or  mothers)  reporting  radar  exposure  and  on  the  corresponding 
fathers  (or  mothers)  of  children  matched  to  those  whose  parents  were 


exposed. 
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APPENniX  A 
Part  h 


CONTRACTOR'S  PROPftSAL  KOR  EXTENSION  OF  CURRENT  STUUY  WINTER  1%9-1‘)70 

PARENTAL  RAUIATION  EXPOSURE  AN!)  UOWN'S  SYNUROME  (MONCOI.ISM')  WITH 
PARTICUIAR  ATTENTION  TO  lONlZlNC  RADIATION  AND  RADAR 


Purpose: 

To  extend  the  investigation  of  (11  radar  and/or  ionizing  radiation  exposure 
of  parents  of  mongols  and  of  parents  of  their  matched  controls  and  (21  possible 
chromosomal  aberrations  among  fathers  radar  exposed  and  unexposed  by  including  a 
series  approximately  lO’  larger  than  originally  estimated. 

The  Specific  Aims  indicated  below,  remain  the  same  as  previously  specified 
but  are  now  to  encompass  investigation  of  approximately  140  or  more  cases  of 
Down's  syndrome  and  an  equal  number  of  families  of  matched  control  subjects  instead 
of  the  original  estimate  of  ‘IS  cases  and  *15  controls; 

1.  To  compare  the  parents  of  mongols  with  those  of  controls  with  regard  to 
reported  radar  exposure,  occupations  involving  radar  exposure,  or  exposure  to  any 
occupational  or  military  sources  of  radioactive  substances  or  radiation. 

2.  To  compare  parents  of  Down's  syndrome  cases  with  parents  of  matclied 

controls  with  regard  to  medical  radiation  exposure  (diagnostic  and  or  therapeutici : 

e.g.  individual  x-ray  photographs,  fluoroscopic  radiation,  ingestion  or  Injection 

131  32 

of  radioactive  substances  such  as  1,  P etc.;  implantation  of  radon  seeds; 
cobalt  radiation,  and  any  other  diagnostic  or  therapeutic  procedures  involving 
ionizing  radiation. 

3.  To  compare  the  parents  of  mongols  and  of  controls  with  regard  to  other 
factors  (socioeconomic  status,  religion,  menstrual  and  medical  history,  marital 
history,  etc.1  recognized  or  suspected  to  be  associated  with  the  occurrence  of 
Down's  syndrome  and  to  examine  the  possible  interaction  of  such  factors  with  radar 
and  ionizing  radiation  exposure. 

4.  To  examine  the  chromosomes  of  the  fathers  with  a history  of  exposure  to 
radar  and  the  fathers  of  children  matched  to  them,  and  to  compare  findings. 
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I'NPERLYINC  RATIONALE  AND  RACKCROUW)  OF  STirPY: 

In  an  epidemiological  study  of  the  parents  of  children  with  Down's  syndrome 
horn  from  January  1,  1946  to  September  30,  1962  and  parents  of  matched  control 
children,  a significantly  larger  percentage  of  fathers  of  Down's  cases  reported 
radar  exposure  than  control  fathersf^^  Moreover,  a larger  percentage  of  the 
fathers  of  Down's  cases  reported  having  been  in  military  service  (63.1  percent 
versus  56.6  percent  for  control  fathers'),  but  this  difference  was  not  statistically 

I 

significant.  Because  of  the  possible  implications  of  these  findings  with  regard 

I 

to  the  risk  of  Down's  syndrome  and  possibly  other  genetic  damage  to  progeny,  as 
well  as  somatic  damage  in  exposed  individuals,  further  studies  of  the  effects  of 
exposure  to  radar  have  been  undertaken. 

In  add  it  ion,  since  the  initiation  of  this  presently  ongoing  phase  on  June  1, 
1969,  certain  opportunities  to  extend  the  scope  of  this  investigation  have  become 
apparent;  firstly  in  regard  to  obtaining  more  objective  validation  of  the 
military  service  and  radar  exposure  on  all  fathers  - original  and  current  series  - 
irrespective  of  reported  service  and/or  exposure;  and  secondly  in  regard  to 
increasing  the  size  of  the  current  study  series. 

Validation  of  military  service  and  exposure: 

Through  consultation  on  procedures  for  checking  military  service  and  radar 
exposure  from  government  military  files,  a plan  has  been  designed  for  documentation 
of  military  service  and  radar  exposure.  This  is  to  be  carried  out  along  with 
supplemental  interview  information  by  partial  follow-up  reinterview  of  the  original 
series.  Moreover,  even  in  the  absence  of  available  reinterview  data  validation 
procedures  will  be  applied.  Thus  the  search  of  government  records  on  fathers  will 
be  entirely  Independent  on  whether  or  not  service  or  radar  exposure  was  reported. 
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I iu-rt>n80il  size  i>l  sliuly  sort  os:  It  Is  now  apparc'iil  tliat  a lar^'.or 

stiulv  sorios  t lian  cxju'ol  «'<l  will  lu'  availal'lo.  Wliorons  it  was  ostlniatod  that  tlio 
lainlli<'s  I'l  approx  1 mat  «'l  V ‘I'i  casos  and  ')'>  ci'iitrols  would  ho  availahio  lor  tho  onrront 
stndv,  iiu’ro  oomprohons  1 VO  mothods  ol  asoorl  a 1 nmont  , prohahlv  iniprovod  dlap.nosis  and 
moro  coinploto  oasi'- 1 1 nd  1 np,  hv  oi'iinmm  1 1 v and  privato  aponcios  as  wol  1 as  practloinp 
phvsij'lans.  has  niado  it  pi'ssihlo  to  Idontilv  iivor  U»2  oasos  lor  stndv,  thus  a '>0  . 

1 arpor  sainplo, 

Tho  likolihood  I'l  allaininp  inori'  dolinilivo  rosnlts  wonlil  ho  oonsidorahlv 
onhanood  both  hv  h<'lnp  ahlo  iH  to  inolndo  tho  total  stndv  sorios  availahio  rat  hor 
than  tho  provionslv  ostiiuatod  smallor  sliilv  pronp,  anil  (,21  to  oarrv  ont  moro 
intonsivo  soaroh  and  validation  ol  militarv  sorvlio  rocords  and  radar  oxposnro. 

I'oi  tlioso  pnrposi's,  tlH'roloro.  an  oxtonsion  ot  t lie  time  soliodnlo  lor  six  montlis 

I'ovond  t lu'  oripinal  dat  o and  additional  tnnds  will  I'O  roqnirod  to  acoomodato  t lio  ‘>0 

larpor  samplo.  Tin-  Inidpot  lor  snpp  i imiont  arv  Innds  is  attaoliod.  It  slionld  I'O  not  od 

also  tliat  wliilo  I lio  olionpinp  o i ronmst  aiu-os  1 ond  i np  to  improvod  asoorta  Inmont  in  t lio 

I imo  inti'i'val  I'ot  woon  t lio  oripinal  and  onrront  i nvost  i pat  i on  lias  mado  possil'lo  an 

ini-roas«'d  vii'Id  ot  oasi's,  ot  lior  olianpi's,  snoli  as  tlioso  portaininp  to  rosidontial 

pat  t orns  ol  lamilios  ot  oliildrcMi  liorii  in  mot  ropo  1 i I an  Ualtiiiioro  liospitals  liavo 

inoroasod  I lio  travol  t imo  and  oost  por  oaso  stndlod,  as  oxjilainod  in  tlio  first 
(21 

I’ropross  Koporf  (Attaoliod  as  Appondix  11. 

In  tho  oxtondod  plan,  both  tho  dooniiiont  at  ion  ol  militarv  soi'vioo  roooi'ds  and 
addition  ol  tlio  larpor  sorios  lor  stndv  aro  to  I'o  inoorporatod  within  rho  I'ramow'rk 
ol  tlio  oxistinp  pro  loot  di'sipn,  a ooniposilo  ol  Ihroo  I nl  ordopondont  snhsindios  wliioli 
liavo  I'oi'ii  Inllialod  and  aro  hi'inp  oarrioil  out  s I mn  1 1 anoons  I v : 

(11  tlio  or  I ilia  I Inlorvii’w  stndv  sorios; 

(21  onrront  inlorvlow  stndv  s«’rlos;  and 

(11  rliromosomo  studios 

As  now  proposod,  Ihov  would  oiiooiiipass  tho  lollowinp: 
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I'li  filial  interview  .siit'Htvulv  - ori^ii\al  interview  stiulv  8erien  (I  ami  lies 
I't  2U'  linwn's  svtulvvtme  oluUiren  born  1 ■' 1 4t>  - 'i  ■i0/('2  and  their  2It'  matrlied  i-onlrolat. 
Not  in\  1 V are  Iall\er8  wt\o  reported  radar  exposnre  and  tlieir  matidied  sul'lei'ts  l>einn 
traied  and  studied  tv'f  oliromi'si'me  al'iu'rmal  1 1 i es , Init  also  partial  reiiiterview  tor 
nuire  detailed  military  data  and  possibly  missed  radar  intormation  as  well  as 
i\ulependent  8»^ari'b  ot  >;overnment  military  service  reoi'rds  tor  validation  ot  intor- 
mation on  all  lathers  irrespective  ot  wliether  they  reported  military  or  railar 


I exposuj  e are  t»'  be  carrietl  ont  . 

t 

(2'\  fnrrent  interview  svd'stndy  - cnrrevU_  ititerview  study  series  ttamilies  ot 
Iti'wn's  cases  born  in  l')4S  and  between  10  1 t'2  - 12/11  nSl : I dent  i t i cat  i on  I't  cases, 
covitrol  matching,  tracing  a\>d  ci'mplete  interviewing  are  being  carried  out  as  in  the 
original  study  series,  with  supplementary  iletailed  data  collection  i>n  military 
service  and  radar  expi'suve  ot  fathers.  In  additiini,  independent  validatitni  ot 
military  service  and  radar  exposure  t rom  gvivernment  tiles  is  ti>  be  carried  out  on 
this  series  as  I'n  the  original  series  iiulicated  abi<ve.  This  current  stiuh’  series 
is  to  include  the  revised  larger  estimate  >0'  200-284  tamllies. 

t'll  I’hri'mosv'me  Study  - All  lathers  in  the  orlj^inal^  and  current  int«>rview  study 
series  reporting  radar  exposure  and  lathers  ot  children  matidied  to  the  children  ot 
those  radar  expi>seil  lathers  are  being  tkilK'wed  up  and  samples  ot  peripheral  bliu'd 
examined  for  chromosome  abuonita  1 i t i es . in  addition,  the  chri'mosv'me  study  group 
includes  radar  exposed  lathers  ascertained  Iv’r  the  original  and  current  series  but 
not  in  the  final  interview  study  series  beiause  ot  unavailability  I'l  tbe  complete 
matched  pair  for  interview,  for  these  unmatched  radar  exposed  lathers  (.unmatched 
in  tbe  interview  seriesl  a new  nnexpi'sed  match  is  being  iibtalneil  lor  chromosome 
anal ys i s . 

The  metlu'd  of  pri'cednre  lolK'ws  the  overall  design  proposed  and  approved  lor 
the  protect  in  prv'gress,  with  the  snpp  1 «M\ient  ary  aspects  indicated  above, 
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I.  Subjects 

Selection  of  cases;  Children  with  a diagnosis  of  mongolism  meeting  the  criteria 
already  described  for  the  "original"  series  and  born  in  the  greater  lialtimore  area 
between  1/1 '4S  and  12/31/45  and  also  those  horn  10/1/62  through  12/31/68  are  included. 
Sources  of  ascertainment  for  the  original  series  and  for  the  current  series  have  been 

• j (1.2' 

indicated. 

The  current  interview  sample  is  being  confined  to  those  years  for  whicli  cases 
were  not  ascertained  in  tlie  original  series.  In  tliat  previous  study,  421  cases  born 
from  January  I,  1446  to  October  I,  I4(i2  were  collected,  with  288  meeting  the  study 
requirements  and  216  available  for  interview.  At  the  same  rate  of  I. 4 per  month 
meeting  requirements  and  I. 07  per  month  available  for  interview,  it  was  estimated 
that  approximately  105  additional  mongols  would  be  found  in  the  lialtimore  area  from 
October  I,  I4ti2  to  .lanuary  I,  1464,  with  at  least  80  available  for  final  studv.  If 
1445  were  added,  13  to  16  more  cases  would  be  available,  thus  approximately  45  cases 
in  all. 

because  of  the  increased  number  of  sources  of  ascertainment  as  well  as  better 
diagnostic  procedures  and  case  finding  techniques  among  physicians,  private  and  public 
agencies,  and  possibly  also  improved  searching  techniques,  it  has  been  possible,  as 
stated  above,  to  obtain  a larger  studv  series  than  previously  anticipated,  i.e,  about 
142  cases  of  Down's  svndrome  and  an  equal  number  of  matched  controls  rather  than  the 
45  of  each  previously  estimated. 
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Diagnostic  criteria 

The  following  physical  findings  In  Down's  syndrome,  based  on  previously 
reported  findings  are  considered  "primary"  criteria  for  diagnosis; 

1 . Brachycephaly 

2.  Slanted  palpebral  fissures 

3.  Epicanthic  folds 

4.  Palmar  simian  lines 

5.  Malformed  ears 

6.  Broad  and/or  short  neck 

7.  Malformed  fingers  and/or  hands 

8.  Nasal  abnormality 

9.  Hypertelorism 

10.  Abnormal  palate 

11.  Brush field  spots 

12.  Broad  and/or  short  trunk 
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Selection  of  control  subjects.  Birth  certificates  of  the  children  with  Down's 
syndrome  are  being  located,  and  their  place  of  birth  and  other  vital  information 
verified.  Control  subjects  are  selected  by  rigidly  matching,  in  a systematic 
manner,  each  case  with  another  certificate  for  (1)  hospital  of  birth  (or  at  home), 
(2)  sex  and  race  of  child,  (3)  maternal  age  at  time  of  birth  of  child  and 
(4)  date  of  birth. 

In  each  case  the  best  control  is  a child  whose  birth  date  was  closest  to 
that  of  the  Down's  child  of  the  same  sex  born  in  the  same  hospital  to  a mother 
of  the  same  age.  If  the  best  control  on  the  basis  of  established  criteria 
either  has  left  the  state  or  cannot  be  located,  the  next  best  control  is 
selected  (i.e.,  with  slightly  greater  difference  in  birth  dates),  the  other 
criteria  remaining  the  same. 

The  hospital  records  as  well  as  birth  certificates  of  all  control  children 
are  examined  to  be  certain  that  the  "normal"  control  group  contains  no  case; 
of  Down's  syndrome, 

II.  Data  to  be  Collected 

Records.  Birth  records  (certificate  and  hospital)  and  other  available 
hospital  and  medical  records  are  examined  for  pertinent  Information. 

Interviews.  Mothers,  and  fathers,  are  being  interviewed  to  obtain 
further  information.  Where  mothers  or  fathers  are  deceased,  information  is 
obtained  insofar  as  possible  from  the  surviving  parent.  Where  both  parents 
are  deceased,  the  subject  is  excluded  from  the  matched  series  but  analyzed  in 
a special  study  series. 
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Interview  data  include: 

1.  Complete  names  and  addresses  of  each  parent,  index  child  and  sibs. 

2.  Child's  sex,  place  of  birth,  physician,  and  history  of  hospitali- 
zations and  medical  conditions. 

3.  Mothers'  education;  religion;  and  histories  of  residence,  occupation 
and  marriage.  Medical  data  will  include  histories  of  menstruation,  pregnancy, 
hospitalization  and  details  of  radiation  exposure.  The  latter  will  include 
diagnostic  X-ray,  radiation  therapy,  fluoroscopy,  and  injection  or  Ingestion 

of  radioactive  substances. 

4.  Fathers'  residence;  occupational  history  with  detailed  information 
about  military  service;  marital  history;  number  of  offspring;  illnesses;  medical 
and  hospitalization  histories;  and  other  pertinent  data. 

The  mother  and  father  are  usually  interviewed  independently  at  home. 

The  approach  to  both  the  families  of  the  mongols  and  control s ,yuni form;  the 
Interviewers  are  not  informed  wliich  are  cases  and  controls  and  recognition  of 
the  mongol's  family  is  usually  not  known  until  the  actual  interview  is  conducted, 
if  then.  Questions  about  radar  and  radiation  exposure,  medical  conditions,  and 
occupation  are  phrased  without  reference  to  the  birth  of  the  index  child. 

Insofar  as  possible,  dates  of  exposure  are  obtained,  however,  so  that  the  time- 
relationships  relative  to  the  index  child  can  be  examined  in  the  analysis. 

Validation  of  findings  derived  from  interview  data  is  being  attempted 
by  independent  and  simultaneous  examination  of  several  characteristics  of  the 
parents  of  mongols  and  of  controls  as  well  as  through  Independent  search  of 
hospital  records. 
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Significance  of  this  Research 

It  is  important  to  determine  whether  the  previous  interview  findings  of 
higher  frequencies  of  military  service  and  radar  exposure  among  fathers  of  children 
with  Down's  syndrome  are  confirmed  by  an  independent  replication  of  the  original 
study,  and  by  record  validation  of  both  the  original  and  current  study  series. 

It  is  also  essential  to  determine  whether  there  is  a real  difference  in  military 
service  history  between  cases  and  controls  other  than  that  which  is  associated  with 
the  Increased  radar  exposure.  If  the  reported  associations  are  confirmed,  and 
a relationship  between  radar  expr  ,ure  or  military  service  and  Down's  syndrome 
in  offspring  examined  and  estr  Jished,  the  implications  would  be  far  reaching. 

Such  associations  would  suggest  that  there  may  be  other  chromosomal  aberrations 
and  other  types  of  genetic  defects  in  offspring,  and  possibly  somatic  damage  to 
the  exposed  fathers.  At  a time  when  military  and  industrial  uses  of  radar  and 
microwaves,  and  even  household  exposures  to  microwaves,  are  continually  expanding, 
the  significance  of  this  problem  must  not  be  underestimated.  It  is  pertinent  not 
only  to  the  health  of  a broad  segment  of  the  present  population,  but  as  genetic 
damage,  also  to  that  of  succeeding  generations. 
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Summary 

The  project  plan  thus  includes  the  following; 

ORICINAL  SERIES 

j 

I.  To  locate  the  fathers  of  cases  and  controls  in  the  original  January  1,  1946 
to  Obtober  1,  1962  series  and  bring  their  records  up  to  date,  obtaining  more 
detailed  information  on  military  service  and  radar  exposure  as  well  as  their 
experience  since  our  last  contact. 

II.  To  obtain  from  the  radar  exposed  fathers  of  cases  and  controls  and  the 
unexposed  fathers  matched  to  the  radar  exposed  subjects  blood  dimples  for 
chromosome  studies  and  to  carry  out  complete  chromosome  analysi  these  fathers 

in  the  original  series. 

CURRENT  SERIES 

III.  To  identify  and  trace  parents  of  children  with  Down's  syndrome  born  in  the 
Baltimore  area  from  October  1,  1962  to  January  1,  1969  as  well  as  from  January  1,  1945 
to  December  31,  1945  and: 

A.  Verify  diagnoses. 

B.  Search  birth  certificates  on  these  affected  children. 

C.  Select  controls  matched  to  cases  on  hospital  of  birth,  date  of  birth, 
maternal  age,  race  and  sex  of  Infant. 

IV.  To  carry  out  interviews  of  parents  of  Down's  cases  of  current  series. 

V.  To  trace  the  matched  controls  of  the  current  series  and  interview  their 
parents. 

VI.  To  validate  selected  portions  of  the  data  obtained  by  interview  against 
medical  records  in  current  series. 

VII.  To  obtain  blood  samples  and  carry  out  chromosome  analysis  on  all  fathers 
reporting  radar  exposure  and  on  the  corresponding  fathers  of  children  matched  to 
those  whose  parents  were  exposed  in  the  ctirrent  series. 
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BOTH  SERIES 

VIII.  To  validate  paternal  military /radar  history  by  independent  search  of 
government  military  files  on  all  fathers  Irrespective  of  service/radar  report, 

(as  well  as  carry  out  chromosome  studies  indicated  above  under  II  and  VII  respec- 
t ivel V > . 
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The  authors  review  epidemiological  investigations  of  mongolism,  indicate 
the  unanswered  questions  that  still  exist,  and  point  out  what  they  consider 
fruitful  areas  for  future  epidemiological  studies  of  this  problem. 

SOME  EPIDEMIOLOGICAL  ASPECTS  OF 
MONGOLISM:  A REVIEW 


Berniit  H.  Cohen.  PhD..  M.P.H.;  Abraham  M.  lilienfeld,  M.D.,  M.P.H.,  F.A.P.H.A.;  and 
.Arnold  T.  Sigler.  M.D. 


SINCE  1866  when  Langdon-Down  first 
described  Mongolism,  or  Down’s  Syn- 
drome, numerous  epidemiological  obser- 
vations have  been  made  in  attempts  to 
determine  etiological  factors.  Less  than 
three  years  ago  Lejeune  and  co-workers* 
demonstrated  the  presence  of  an  extra 
chromosome  in  cultured  connective  tissue 
cells  of  monguls,  thereby  strongly  sug- 
gesting a chromosomal  abnormality  as 
the  basic  defect  in  this  condition.  These 
rc*sults  have  been  confirmed  by  many 
other  workers.*'^  It  is,  therefore,  desir- 
able at  this  time  to  evaluate  the  past  epi- 
demiological observations  in  the  light  of 
these  recent  cytogenetic  findings  and  to 
determine  the  most  profitable  directions 
ot  further  epidemiological  studies.  We 
shall  first  discuss  briefly  the  cytogenetic 
developments,  then  review  the  epidemio- 
logical studies  and  finally  indicate  pos- 
sible future  areas  of  research.  Limitations 
of  space  permit  only  a selective  general 
review  rather  than  an  intensive  exhaus- 
tive one. 

Figure  1 presents  a photomicrograph 
of  normal  human  cells."  The  portion  on 
the  left  shows  chromosomes  at  metaphase 
in  the  dividing  cells  of  a normal  human 
male.  On  the  right  these  .same  chromo- 
somes are  .shown  .sorted  and  matched  in 
homologous  pairs.  In  normal  adults  and 
children  the  modal  number  of  chromo- 


somes is  46  or  23  pairs.  Eiach  pair  has 
one  representative  derived  from  each 
parent.  Of  the  23  pairs,  22  are  called 
autosomes  and  the  23rd  pair  are  the  sex 
chromosomes  consisting  of  an  X and  Y in 
the  male  and  2 X’s  in  the  female.  The 
numerical  order  specified  is  in  accord- 
ance with  the  international  standard  sys- 
tem of  nomenclature  adopted  at  the 
Denver  Conference.  I960.* 

Figure  2 presents  the  chromosomes  of 
a mongoloid  child.’  Note  that  there  are 
47  chromosomes  with  an  extra  member 
of  one  of  the  small  acrocentric  pairs  of 
autosomes,  probably  the  pair  designated 
as  number  21  or  22.  This  condition  in 
which  there  is  an  extra  member  of  a pair 
is  known  as  trisomy  and  has  been  the 
most  frequent  chromo.somal  abnormality 
found  in  mongolism.  More  recently,  how- 
ever, mongols  with  46  chromosomes 
have  been  reported.  In  each  of  these 
mongols  there  is  at  least  one  aberrant 
chromosome  with  a postulated  transloca- 
tion involving  an  extra  portion  of  the 
number  21  or  22  chromosome  attached 
to  another  chromosome.  It  has  been 
suggested  that  this  unbalanced  state,  or 
extra  dose  of  chromatin,  is  nearly 
equivalent  to  that  produced  in  the  tri- 
somic  condition.* 

Trisomy  is  probably  the  end  result  of  a 
process  called  nondisjunction,  which  is 


FEIRUARY,  1943 


1 


Figure  1 — Photomicrograph  of  Chromosomes  at  Mrtapliase  in  the  l)i\idiii|E  Cells  of 
a Normal  Human  Male.  (Courtesy  of  Barr  and  (jirr,  Canadian  Medical  Association 
Journal.^) 


the  (allure  of  members  of  a chromosome 
pair  to  separate  and  which  most  likely 
occurs  at  the  first  or  second  meiotic  divi- 
sion in  the  formation  of  either  the  ovum 
or  sperm.  Les.s  likely,  although  theo- 
retically possible,  the  nondisjunction 


might  take  place  at  the  gonial  stage  of 
the  gamete  or  at  the  first  cleavage  divi- 
sion of  the  fertilized  ovum  or  zygote. 

Figure  illiistrate.s  diagrammatically 
the  difference  between  a normal  and  a 
nondisjunetional  division.'"’  The  upper 
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Figure  2 — ChromoMimcs  of  a Mongoloid  Child.  Note  that  there  are  47  cliromosomes 
with  an  cMru  small  ueroeenlrir  ellromosome.  (Courtesy  of  Hirsehliorn  and  Cooper. 
American  Journal  of  .Medicine.") 
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EPIDEMIOLOGICAL  ASPECTS  OF  MONGOLISM 


portion  of  this  diagram  shows  the  orienta- 
tion of  the  chroinosomes  on  the  equatorial 
plate  followi-d  hy  separation  of  nii'ml>er' 
of  the  chromosortie  pairs  so  that  each 
daughter  cell  Ini'  an  equal  nuinher  of 
chromosomes.  In  the  lower  portion,  one 
lueinlx’r  of  the  pair  docs  not  sr-parate 
from  its  partner;  and  consequently,  one 
ilaughter  cell  has  an  extra  chromosome 
reprc>cntative  while  the  other  is  tleficient 
with  res|)ect  to  that  one  chromosome. 
When  a gamete  (ovum  or  sperm)  carry- 
ing the  extra  chromo.some  is  fertilized  by, 
or  fertilizes  a normal  gamete  from  the 
other  parent,  the  resultant  embryo,  if 
viable,  is  trisomic. 

.Ni>ndisjun<'tion  lending  to  trisomy,  and 
chromosomal  breaks  resulting  in  trans- 
locations,  have  been  demonstrated  in  a 
wide  range  of  organisms,  including 
maize.  Drosophila,  the  house  mouse  and 
man'-*  '*  and  in  both  sexes  as  well. 
is.17-18  Nondisjunction  and  other  chro- 
mosomal abnormalities  in  behavior  and 
structure  have  been  proiluced  by  sucb 
agents  as  iruiizing  radiation.  Coj.  and 


ammonia  vapor.'"  '^-'®  *^  There  is  evi- 
dence tli.il  spei'ific  genes  may  also  affect 
the  frequency  of  nondisjunction.”  In 
achlition,  interactions  between  agents  have 
been  shown  to  have  an  effect.  For  ex- 
ample. oxygen  and  cyanide  influence  the 
effect  of  radiation  on  the  frequency  of 
nondisjunction."’--’®'*’’  and  in  Drosophila, 
aging  of  the  females  enhances  both  radia- 
tion- and  Co:>-induced  effects. 

These  cytogenetic  findings  strongly 
suggest  that,  if  there  are  any  environ- 
mental factors  producing  the  sequence  of 
events  leading  to  the  chromosomal  defects 
in  mongolism,  they  must  be  acting  on 
parental  gametes  or  on  the  fertilized  ovum 
not  later  than  .several  days  after  fertiliza- 
tion. This  timing  of  events  has  a Iiearing 
on  the  evaluation  of  various  hypotheses 
and  on  the  selection  of  areas  for  further 
investigation. 

The  incidence  of  mongolism  has  been 
estimated  by  numerous  investigators. 
These  are  summarized  in  Table  1.^*'** 
The  periods  of  study  extend  as  far  back 
as  192.'5  and  are  as  recent  as  the  late 


Figure  .T — l>iiignininiatic  Kepresentation  of  a Normal  and  a Nondisjuncttorial  Division. 
(Modified  by  permission  of  -Sohval,  .\nierican  Journal  of  Medicine.®) 
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Table  1 

—Summary  of 

Esiimateft  of 

Incident 

‘c  Rales  of  Mongolism 

Ref. 

No,  o( 

Populuiioii 

Incidence 

Per 

Tinre  Period 

lii\rH(i^alut 

No. 

MongoU 

No.  'I'ypc 

Frequency 

1,000 

of  Study 
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28 
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29 

18 
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1.29 

1923.32 

(iieal  Britain— Liverpool  Maternitv 

Hospital 

Kpllfw  /I93Ht 

30 

23 
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2.9 

About  10  >Ts 
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31 

48 
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1/292 

3.42 

1931-41 

United  Stales-  Boston  Lying-In  Hospital 

l.aiidtniann  (19-U() 

32 

4 

3,593t 

1/898 

1.11 

1‘I45.48 

Kngland  University  Uollege  Hospital. 

1 .ondon 

Sl«*\»*t»son.  WojtvsltT, 

2‘>,024t 

ami  Hire  ( 195(11 

33 

15 
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Mtillbirthii 
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0.5 
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32 
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34 

3 W 

2,9a5* 
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1.03 
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Hospital.  W ashington,  D.  ( 

29  N 

25,026* 
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1.16 

1.30 

h7.(>-15t 

1/520 

1.92 

Switzerland  /urieii 

Mu»:  1 (•ISI 1 

;?5 

99 

49,2183 

1/497 

2.01 

1930  1949 

St.  (fallen 

31 
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l.f)8 

( at l(‘i  and 

MarCatlliy  (19511 

3(> 

100 

W).3^(>t 

1 /66() 

1.51 

1943-1948 

Kngland  10  hospitals  in  I.ondon 

(Mrr  (19531 

37 

52 

39.788* 

1/76.5 

l.Sl 

1938-1948 

Dt'iiinark  Unixersitv  Hospital. 

( iopenbagen 

llarrin  and 

Jan.  1.  194-1- 

United  Slates-  St.  Mary's  Hospital. 

'•‘(ritilMTi'  ( 1951 1 

3i> 

11 

fl.7IA* 

1/792 

1.26 

Dee.  31.  1950 

Bocbeslei,  Minn. 

ffi 

m 

Mi  lntosli.  Merritt, 

90 

c 

> 

90 

Kiehards.  Samuels. 

and  Bellows  (1954)  39 

11 

5.<#64** 

1/542 

Oet.  1946 

L84  Mareh  1952 

Unilrii  States  Sloane  Hospital  for 

Won  Ml.  New  Voik  (lily 

- 

Bee  ord  and  Smith 

9* 

W 

(19551  .K) 

2,52 

23l.619t 

1/919 

1.09  19.1219.52 

Kngland  (.ity  of  Bintiingharn  residents 

Pleydell  (19571  41 

86> 

84 

52,729t 
.5'*  7**7* 

1/61.3 

1/628 

1.63  1944  19.55 

1.59  inel. 

Kngland  Kntire  Uonniy  of 

Not  lliainplonshire 

(ioilman  and 

Siolfrr  (1961)  42 

1/688 

1.45 

Australia  Survey 
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McIntosh.  Merritt, 

Richards.  Samuels,  Orl.  1946-  United  States — Sloane  Hospital  for 
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fifties.  They  eiieoinpass  .s|)aiis  of  ol)serva- 
tion  as  brief  as  six  years  and  as  long  as 
20  years.  Though  the  range  of  incidence 
rates  extend  from  0.5  per  1,000  l)irths  to 
.5.4  per  1.000.  11  of  the  15  studies  present 
estimates  of  between  1 '500  and  1 /OOO 
births.  This  is  siirprisinglv  consistent 
when  the  geographical  and  temporal 
range  as  well  as  variability  in  diagnostic 
criteria  and  method  of  ascertainment  are 
considered.  On  the  other  hand,  the  fact 
that  the  two  most  extreme  estimates,  those 
of  Beidleman*'  and  Stevenson,  et  al.,*® 
were  derived  from  records  in  the  .same 
liospital  in  an  overlapping  time  period 
raises  many  questions. 

Of  particular  intcre.st  are  Parker’s  esti- 
mates for  Negroes  and  whites  at  Gallinger 
Municipal  Hospital  in  Washington.®^  The 
similarity  of  the  incidence  values  for 
whites.  1/968,  and  for  Negroes,  1/863, 
with  one  another,  as  well  as  that  of  the 
Negro  estimate  with  the  over  all  range  of 
Caucasian  values  should  lead  one  to  ques- 
tion the  opinion  that  mongolism  is  lesa 
common  among  non-Caucasians.  Never- 
theless, this  represents  only  a single  study 
sample;  and  it  is  pos,sihle  that  the  number 
of  cases  was  not  adequate  to  detect  a dif- 
ference between  Negroes  and  Caucasians, 
if  one  truly  existed. 

It  would  also  be  of  interest  to  know 
whether  the  incidence  of  mongolism  has 
changed  over  time,  since  if  radiation  ex- 
posure of  parents  is  a major  factor  in  pro- 
ducing chromo.sonial  aberrations,  one 
would  expect  ati  increase  in  incidence 
rates  with  increasing  exposure  of  the 
population  to  medical  radiation.^®'*®  It 
is  difTicult  to  evaluate  reported  incidence 
rates  because  of  the  variability  in  methods 
u.sed  to  estimate  them  in  the  different 
studies  and  because  of  the  fact  that  in 
most  studies  only  crude  rates  arc  avail- 
ahle.  Since  there  is  an  association  be- 
tween increasing  maternal  age  and  the 
incidence  of  mongolism,  as  will  be  dis- 
cus.scd,  the  comparison  of  crude  incidence 
rates  leaves  much  to  be  desired.  Better 
estimates  of  incidence  rates  are  needed 
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Fi|;ure  4 — Incidence  Rates  of  Mongolism 
by  Maternal  Age.  (Rates  from  (^rter 
and  MacCarthy,'’**) 


for  comparative  purposes  and  as  a ba.se 
line  for  future  studies. 

Sex  Rafio 

There  has  been  miu'h  conflicting  evi- 
dence regarding  the  sex  ratio  in  mon- 
golism. An  excess  of  males  was  indi- 
cated by  some  investigators  and  this  view 
had  been  generally  held.  More  recently, 
these  findings  have  been  criticized  be- 
cause many  of  the  studies  were  based  on 
institutionalized  populations  and  possibly 
female  mongols  are  more  likely  to  be  kept 
at  home  than  male  mongols.  The  sex 
ratio  at  birth  should  provide  the  most 
satisfactory  estimate.  On  the  basis  of 
statistics  available  at  this  time,  there  is 
certainly  no  reliable  evidence  of  an  aber- 
rant sex  ratio  in  mongolism.”' 

Maternal  and  Paternal  Ages  and 
Birth  Order 

The  most  striking  relationship  that  has 
been  observed  with  respect  to  mongolism 
is  the  increasing  incidence  rate  with  ad- 
vancing maternal  age.  This  has  been 
regularly  reported  in  all  studies. ” 

Figure  1-  illustrates  this  relationship  with 
data  collected  by  Carter  and  MacCarthv 


from  ten  hospitals  in  I.z>ndon  and  en- 
virons. Mothers  over  1.5  years  of  age 
have  about  100  times  the  risk  of  giving 
birth  to  a mongol  child  than  do  mothers 
in  their  twenties.  Jenkins.”*  in  a further 
analysis  of  these  maternal  age  incidence 
rates,  plotted  them  on  logarithmic  paper 
with  interesting  results.  The  same  data 
of  Carter  and  MaeCarthy  shown  in  Fig- 
ure 4 are  so  plotted  in  Figure  5.  We  note 
that  up  to  age  .50  the  incidence  rate  does 
not  change  with  age,  but  that  after  50 
years  of  age  the  rates  are  represented  by 
a straight  line.  This  separation  of  the  in- 
cidence rates  into  two  components  in  this 
manner  suggests  that  there  may  he  two 
types  of  mongolism,  one  that  is  age  de- 
pendent and  one  that  is  not  age  de[)end- 
ent.  Such  a possibility  is  consistent  with 
other  types  of  data.  Recently,  Penrose* 
has  collected  the  ca.ses  of  mongolism  as- 
sociated with  chromosomal  translocation 
and  found  a preponderance  of  younger 
mothers.  Of  additional  intere.st  are  the 
reports  of  ages  of  mothers  of  children 
with  trisomy  other  than  that  a.s.sociated 
with  mongolism,  indicating  in  a very  limi- 
ted sample  that  the  maternal  ages  are  on 
the  whole  in  the  older  age  range.*^  Thus 
it  is  postulated  that  tri.somv  may  l>e  age 
dependent,  and  translocation  age  inde- 
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p<'ti<irnt.  SikIi  a dichotomy  in  tlu' 
etiology  of  mongolism  is  further  sng* 
gt'slct!  hy  the  reported  difference  in  an- 
^Irogyny  wores^'^  and  sler{)id  excretion 
levels^'^  In'tween  yt)ungt‘r  mothers  anti 
older  mothers  of  mongols.  As  yet.  these 
observations  can  l»e  coiisiilered  tndy  in 
the  realm  of  “clinical  impr<‘ssions*"  and 
must  await  further  validation. 

Mongolism  also  has  f>een  found  to  he 
assoc  iated  with  the  age  of  the  father  at 
the  hirth  of  the  affected  child,  although 
this  relationshif)  is  i-ot  so  marked  as  that 
with  maternal  age.  Since  maternal  and 
paternal  age's  are  themselves  highly  cor- 
related. it  is  of  interest  to  determine 
wlielher  the  assoc  iation  is  primarily  with 
one'  c»r  the  other,  or  h(»th.  Pc*nrosc'*®  has 
analy/t*d  some  data  and  inlerprt‘tc‘d  them 
as  indic'ating  that  the  principal  rc'lation- 
ship  is  with  maternal  age  and  that  the 
paternal  age  association  is  a secondary 
one.  \ rc'view  of  these  nnalvsc's  and 
those  of  Jenkins^®  suggests  that  the  issue 
is  still  unsettlc'd  and  there  is  a need  for 
further  iuvc'sligation  with  adequate  con- 
trol groups.  This  point  is  of  some  rele- 
vance with  rc'spert  to  further  research 
orientation.  In  general,  investigators 
have  interprc'ted  the  maternal  age  c*ffc*ct 
to  indii'ate  that,  in  looking  for  factors 
whic*h  iidhu'iice  mongolism,  one  should 
study  maternal  factors  rather  than  pa- 
Ic'rnal  factors.  However,  we  fc*c*l  that  a 
possible  patc'rnal  inllucMUV  has  not  Ihm'u 
<c>mplelc‘ly  eliminatc'd  on  the  basis  of 
available'  t'vidence. 

Another  probh'in  c’oncerns  the  increase 
in  frcMpiency  of  mongolism  with  in- 
cri'asing  birtli  order.  This  appc'ars  to  re- 
sult from  tiu'  .strong  as-sociation  of  ma- 
Ic'rnal  age  with  birth  order;  and  ap- 
parently. birth  order  has  no  indepemdent 
c-fTec-t.®'''*'' 

Maternal  Constitutional  and 
Prenatal  Factors 

Stimulated  by  the  markc'd  a.ssociation 
of  mongolism  with  maternal  age',  lliere 


has  been  much  interest  in  the*  role  of  ma- 
ternal !ie*alth.  re'produeiivc*.  Inninonal  and 
constitutional  factors,  as  \\e*ll  as  pn*natal 
event.s,  in  the  freque*ncv  of  monge»!i<ni. 
Scune  studie's  have  reporle*e!  that  inoth<*rs 
of  mongols  tend  to  ha\e  an  e*arlier  age*  at 
meiiarche  and  later  age*  of  me'nopanse*  as 
we*ll  as  an  excc*ssivc*lv  hnig  interval  be- 
twt*en  tile*  birth  of  the*  mongol  and  tlie 
previcuis  prc'gnanc  y.-^  The'ie*  are*  eon- 
flicting  repeerts  coneerning  a higlun  fre- 
cpic'iicy  of  tni.'iearriage's  prior  to  the*  birth 
of  the  mongol.^'*^^*'*  It  is  diniiull  te> 
evaluate  thc*se  rc*porls  -ince*  ninnv  have 
bc*en  unc'ontredle'd  or  inae1c*c]uatc‘ly  con- 
tre»lh*d.  -V  sludv  by  lanm^’*^  indicate'd  that 
mothers  e»f  mongols  die)  not  have  a larger 
penrnlage  of  abeertions  prior  let  the 
mongol  birth  than  a control  group 
matche'd  by  maternal  age*.  However,  this 
was  an  invevstigation  of  117  meniged  chil- 
dre'ii,  a nu!id>er  that  might  be*  inadcepiale 
to  de'tect  any  but  a marke'd  differe*nce. 

Several  studies  have  reported  n rela- 
tively high  fre’quency  of  mate'rnal  com- 
phentions  during  the  mongol  pre'gnanc'v, 
including  gestational  hemorrhage'.  lhre*at- 
c'lic'd  abortion,  and  utc*rine  disorders.’*’ 
The*se  findings  as  we*ll  as  those  of  an  ac*- 
cumulation  of  illne.sses  and  intc*rcurie*nl 
infc'ctions  around  the  time  of  e*oncc'ption 
and  during  the  mongol  pregnancy  must 
now  l>e  interprc'ted  in  the*  light  of  the 
re*e-c*nt  cytogc'iu'lic  observations.*’’"-^^'’^ 
Many  of  the*se  pre*natal  eoinplic*ations  oc- 
c’urrc’d  after  tin*  time  pe*rlod  v\he*n  tlie*y 
cendd  have  producc'd  the*  Ivpe*  of  dlre*ct 
e'fTc'ct  n(*ee*s'4arv  for  the*  c hromosennal  ab- 
normality of  mongols.  The*refore*.  tlic'se 
pre'gnancy  dilFicultic's  may  me'ic’ly  relle’e  t 
the  older  male*rnal  agc*s;  or  thc*\  inav  be  a 
rc'siilt  of.  rath<*r  llian  a cause*  of.  the 
mongol  prc*gnancy. 

In  addition  to  the  ovarian  hornionc*.<. 
other  endocrine  factors  liavc*  be’cn  sug- 
gested as  possible  etiological  factors. 
There  is  conllicling  e'vide'uce  on  the  fro- 
<tuene*y  cef  mate*rnal  thyroid  abnormalities 
for  which  some  inve*sligators  re*poil  a 
high  incidence.*'*'-^*  •'''  Such  a find- 
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Familial  Chromosome  Aberration  1.  Familial  Mongolism  with  Familial  Chromosome  Aberration 


Table  2— Oiroraoeome  Analysis  of  Families  of  Mongol  Index  Cases 
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fication  No. 

Mongol 
Index  Case 

Cytogenetic 
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Maternal 
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Other  Relatives  with 

Abnormalities 

Classi-  Kef.  Mongi 

fication  No.  Index  C 
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F (46T) 
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23 
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64 

M (46T) 
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Mother  (45T) 

e 

o 
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23 
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1 . 66  M 47» 

1 J 

e 

t£ 

t 65 

£ 
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32 

Mother  (45T) 
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■ J 66  M 47 

£ 

;2  M)  M 47. 
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in};,  if  confirmi-il.  would  Ik-  of  par- 
liculur  inli-rcst  since  there  is  some  eyto- 
genetie  evidence  that  thyroxin  may 
increase  “stiekiness"  of  the  chromosomes 
and  thus  inlluenee  nondisjunetion.®*  Ma- 
ternal diaheles  mellitus  as  well  as  adrenal 
ahnornialities  have  also  been  sug- 
gested.In  a study  of  hody  huild 
as  an  index  of  maternal  constitution  and 
ailrenal  function,  no  difTerenees  were 
found  hetween  mothers  of  mongols  and 
mothers  of  controls ; hut  there  was,  as 
alreadv  indicated,  a significantly  higher 
mean  atulrogyny  score  in  younger 
mothers  of  mongols.  i.e..  under  27  years, 
as  compareil  to  ohler  ones. 

Familial  Studies 

While  the  im|)ortauce  of  familial 
studies  to  determine  possible  genetic 
faitors  in  mongolism  and  to  serve  ns  a 
basis  for  genetic  counseling  of  parents 
of  mongol  children  has  long  been  rec- 
ogiiiaed,  the  cytogenetic  observations 
have  added  another  dimension  to  such 
studies. 


Hcsults  of  earlier  investigations  of  fa 
milial  aggregation  were  contradictory  in 
that  some  investigators  observed  no  un- 
usual familial  concentration  of  mongols, 
whereas  others  diil."-'*'-''*  This  led  to 
the  studv  of  the  possibh-  fatiiilial  aggrega- 
tion of  “micro  symptoms"  of  mongoli  m. 
such  as.  fissuri'd  tongue,  transverse 
palmar  crease,  and  tin-  |K)sition  of  the 
palmar  triradii."  *' ■"*  K.vcii  though  an 
exee.ss  frequenev  of  such  micro  symptoms 
was  reported  among  normal  family  mem- 
Ivers  of  mongols.  inter}iretation  of  tln-se 
results  Is  diflicull. 

Mativ  of  the  recent  family  studies  of 
mongolism  have  included  chromosomal 
analyses  of  individual  families.  \ col- 
lection from  the  recout  literature  is  sum- 
marized in  Table  which  includes: 

(11  ca.ses  of  familial  mongolism  with 
familial  translocation  or  other  aherra- 
tions*'"'  **;  (21  familial  translocation  or 
other  chromosome  aberration,  with  Index 
mongol  as  the  only  diagnosed  mongol  in 
the  family"-^®  '^ ; and  (111  familial  mon- 
golism with  no  other  observed  chromo- 
somal abnormalities  in  familv  mem- 
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Ikts.**  '*  Thcsf  reports  have  suggested 
familial  aggregation  of  certain  chromo- 
somal ahnormalities.  particularly  translo- 
cation. Of  considerable  interest  are  sev- 
eral observations  of  such  translocation  in 
family  members  who  are  clinically 
normal.  It  has  been  suggested  further 
that,  as  in  other  orgaiiism.s,"’-”  '*  the 
presence  of  otic  ty[>e  of  chromosomal  ah- 
m rmality  in  a parent  may  influence  the 
occurrence  of  another  type,  such  as  the 
one  leading  to  mongolism."^  ’* 

Most  rec  ently  Carter  and  Kvans’®  con- 
cluded from  their  survey  of  families  of 
(>12  mongols  that  mothers  of  mongol  chil- 
dren have  a higher  than  expected  risk  of 
having  a second  mongol  child.  Interest- 
ingly enough,  younger  mothers  had  a 
greater  excess  risk  than  older  mothers. 
Chromosome  studies  of  the  families  with 
more  than  one  mongol  child  in  this  series 
of  cases  revealed  chromosomal  ahnormali- 
ties in  nonmongol  family  members  of 
three  of  the  nine  families  with  multiple 
moneols.""  At  present,  these  findings  on 
familial  aggregation  must  Ire  considered 
only  suggestive  since  unknown  biases  may 
have  been  introduced  in  the  selection  of 
cases  nr  even  groups  examined. 

Twin  studies,  too.  have  .suffered  from 
similar  methodological  problems. Re- 
cently Allen  and  Baroff.^*  cognizant  of 
such  difficulties,  attempted  a systematic 
investigation  of  a consecutive  series  of 
twins  admitted  to  the  New  York  State 
schools.  They  concluded  that  almost  100 
per  cent  of  monozygotic  twins  are  con- 
cordant with  respect  to  mongolism  as 
compared  to  about  1 per  rent  of  dizvgotir 
twins.  These  results  are  in  agreement 
with  the  cytogenetic  expectancy.  Also 
strikingly  consistent  with  genetic  ex- 
pectancy is  the  observation  of  four  mon- 
gols among  the  .“ight  offspring  of  mongol 
females  reported  to  have  reproduced.* 

Relationship  with  Leukemia  and 
Ionizing  Radiation 

Since  Ingalls’’  first  demonstrated  the 
simultaneous  occurrence  of  mongolism 


and  leukemia,  there  have  been  many  rase 
reports,  and  a few  systematic  studies  in- 
dicating that  mongols  have  an  increased 
risk  of  incurring  leukemia.’*  *’  "*  Wald"* 
and  co-workers  reviewed  all  tin-  death  cer- 
tificates in  Pennsylvania  during  lO.S.S- 
1959  and  obsr^rved  that  the  incidence  of 
leukemia  in  mongols  was  significantly 
higher  than  that  found  in  the  general 
population.  In  England.  Holland  and 
co-workers**  found  the  mortality  from 
leukemia  among  patients  with  llown's 
syndrome  to  be  20  times  greater  than  ex- 
pectancy. Moreover,  it  is  of  intere.st  that 
leukocytes  of  many  mongols  have  an 
unusual  morphological  pattern:  i.e.,  poly- 
morphonuclear neutrophils  with  fewer 
lobes  than  found  in  the  general  popula- 
tion."' These  findings  are  especially  in- 
teresting as  a result  of  recent  ohsen  alions 
of  chromo.somal  aberrations  in  individ- 
uals with  leukemia.  For  example.  .lacobs"® 
reported  the  presence  of  a small  par- 
tially deleted  chromosome  (called  the 
Philadelphia  Chromo.some”'”)  in  11  un- 
treated cases  of  chronic  myeloid  leiikeniia. 
The  abnormal  ebromosome  is  thought  to 
be  number  21.  the  same  one  involved  in 
mongolism.  The  relevance  of  this  finding 
is  uncertain  since  the  leukemia  observed 
in  mongols  is  usually  of  the  acute  variety 
and  none  of  the  subjects  with  mongolism 
and  acute  leukemia  who  have  been 
studied  thus  far  have  the  chromosome  ab- 
normality observed  in  chronic  leukemia.’* 
In  view  of  the  known  biological  rela- 
tionship of  leukemia  to  ionizing  radiation 
and  the  experimental  studies  of  the  rela- 
tionship of  ionizing  radiation  to  chromo- 
somal aberrations.'®  '®  -*  **  *®  it  is  ol  in- 
terest to  determine  whether  parents  of 
mongol  children  have  had  exce.s,sive  ex- 
posure to  radiation.  The  results  of  two 
studies  have  been  re|)orted.  Liinn.**  in 
the  .study  mentioned  earlier,  determined 
that  the  per  cent  of  significant  histories 
of  x-ray  exposure  of  mothers  of  mongols 
was  no  different  from  that  of  mothers  of 
controls.  More  recently.  Hchida*"  re- 
ported that  28  per  cent  of  mothers  of 
mongols  were  exposed  to  four  or  more 
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abdominal  x-rays  or  fluoroscopy  as  com- 
pared to  1 per  rent  of  mothers  of  cleft  lip 
children  and  I t per  cent  of  neighbors. 
There  are  several  methodological  faults 
with  laith  studies,  so  that  the  issue  must 
still  be  considered  an  open  one  and  a sub- 
ject for  further  investigation. 

!Vevertheles.s,  this  pattern  of  relation- 
ships is  provocative  and  is  illustrated  in 
f igure  6 along  with  others  already  dis- 
cussed. The  dotted  lines  indicate  asso- 
ciations based  on  a single  report  or  re- 
quiring confirmation  for  other  reasons. 
The  solid  lines  indicate  associations  based 
on  several  reports  and/or  on  what  one 
would  judge  as  being  more  reliable  evi- 
dence. Where  arrowheads  are  placed  on 
lines,  direction  of  association  is  sug- 
gested : otherwise  no  cause-effect  relation- 
ship is  postulated. 

General  Comments 

Though  these  a.ssoc.iations  provide  clues 
as  to  the  etiological  factors  in  mongolism. 


some,  especially  tho.se  of  radiation  with 
mongolism  as  well  as  of  chromosomal 
aberrations  with  leukemia,  need  further 
documentation  and  clarification.  .As  the 
hypothesized  pattern  stands  now.  it  falls 
short  of  a cause  and  effect  relationship. 
Theories  consistent  with  the  observations 
can  merely  postulate  the  missing  steps, 
blit  further  cytogenetic  and  epidemiologi- 
cal evidence  is  needed  for  their  validation. 

The  observations  made  during  the  past 
two  to  three  years  appear  to  have  brought 
us  closer  to  elucidating  the  can.se  of  mon- 
golism.®® Yet,  interesting  as  the  resnils 
of  the  cytogenetic  investigations  may  he. 
it  should  be  emphasized  that  cytogenetics 
is  a very  complex  field  with  numerous 
technical  difficulties.  In  addition,  the 
sampling  of  individuals  and  families  for 
cytogenetic  examination  has  lieen  so 
irregular  that  extrapolation  of  the  results 
to  any  discernible  affected  group  of  popu- 
lation segment  is  not  possible  at  this  time. 
Hopefully,  manv  of  these  problems  will 
be  resolved  in  the  near  future. 
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Denioiistratetl  Asstiriations  of  Mongolism  with  other  Conditions. 
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Field  epidemiologleal  studies  ran  assist 
ill  the  evaluation  of  these  findings.  A 
eytogenetie  investigation  of  a sample  of 
the  general  population  would  lie  invalu- 
nhlc  In  establishing  more  definitive  base 
lines  for  ehromosomal  ronstitiition  in 
phenotypirally  normal  individuals.  These 
al.so  would  help  in  evaluating  the  sig- 
nifieance  of  findings  in  those  with  elini- 
eally  diagnosed  abnormalities  and  in  de- 
termining the  factors  that  may  he  pro- 
ducing these  abnormalities. 

The  following  types  of  studies,  one  of 
which  we  are  initiating,  are  now  indi- 
cated ; ( 1 ) a well  controlled  investiga- 
tion of  parental  radiation,  reproductive, 
medical,  and  drug  history;  (2i  a study  of 
family  patterns  of  mortality  and  mor- 
bidity in  all  classes  of  cases  and  controls; 
Id)  a study  of  the  chromosomal  con- 
stitution of  case.s,  controls,  and  their  im- 
mediate family  memtwrs;  and  (1)  a 
study  of  histologic  and  histochemical 
changes  of  the  ovaries  and  fallopian  tubes 
occurring  with  age  to  learn  whether  these 
changes  might  provide  an  explanation 
for  the  increased  incidence  of  mongolism 
with  maternal  age.  For  the  epidemiolo- 
gist, here  is  an  unequaled  opportunity  to 
explore  the  possible  contributions  that 
epidemiologic  studies  might  make  in  de- 
termining factors  that  may  have  an  in- 
fluence on  the  genetic  constitution  of  indi- 
viduals. In  view  of  the  increasing  recog- 
nition of  genetically  determined  human 
diseases,  epidemiologists  will  doubtless  be 
faced  with  many  similar  situations  in  the 
future. 
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Parental  age  in  Down’s  syndrome  (mongolism) 


Became  of  the  new  insight  afforded  by  recent  cytogenetic  discoveries,  the  need  for 
further  clarification  of  the  parental  age  effect  in  Down’s  syndrome  was  apparent. 

As  part  of  an  epidemiologic  study  of  Down’s  syndrome  in  Baltimore,  Maryland,  the 
relative  significance  of  maternal  and  paternal  ages  as  etiological  factors  was 
evaluated.  By  comparing  a control  group  matched  by  birth  certificates,  parental  age 
was  studied  directly,  first  by  controlling  maternal,  and  then  paternal  ages.  There  was 
no  statistically  significant  association  between  paternal  age  and  Down's  syndrome , 
but  the  relationship  between  Down’s  syndrome  and  increased  maternal  age  remains 
unequivocal.  Other  observations  are  made  about  parental  age  in  Down’s  syndrome 
and  other  trisornic  conditions. 


Arnold  T.  Sigler,  M.D.,*  Abraham  M.  Lilienfeld,  M.D.,  F.A.P.M.H.,** 

Bernice  H.  Cohen,  M.P.H.,  Ph.D.,***  and  Jeanette  E.  Westlake,  R.N.,  M.P.H. 
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The  search  for  etiologic  factors  in 
Down’s  syndrome  (monijolism)  continues  to 
focus  on  the  significance  of  maternal  and 
paternal  ages.  Of  great  recent  significance 
was  the  discovers  that  the  vast  majority  of 
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rases  of  Down's  syndrome  show  47  cliromo- 
somes  and  are  trisornic  for  chromosome  No. 
21.  'I'he  parents  of  these  children  usually 
have  no  gross  observable  chromosomal  ab- 
normalities. The  mechanism  of  this  trisomy 
is  thought  to  be  nondisjunction,  either  in 
gametogenesis  prior  to  fertilization,  or  at  an 
early  cleavage  division  of  the  zygote. 

A smaller  number  of  patients  with  Down's 
syaidrome  have  46  chromosomes  with  an  ab- 
normality involving  an  extra  dose  of  the 
number  21  chromosome.  These  appear  as 
translocations  or  duplications  arising  from 
chromosomal  breaks.  The  parents  of  these 
children  and  other  family  members  may  have 
normal  karyotypes,  may  lx*  phenotypicallv' 
normal  carriers  of  the  aberration,  or  may 
themselves  be  affected. 

These  cytogenetic  findings  require  that,  if 
an  environmental  stimulus  is  responsible  for 
Down's  svTidrome,  it  must  act  jtrior  to  or 
verv'  shortly  after  the  time  of  conceptioTi 
Thus,  much  of  the  v.ast  accumulated  genetic, 
anatomic,  biochemical,  and  epidemiologic 
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e\l<Jt‘iu'e  aljout  this  condition  should  he  re- 
evaluated and  new  in\estii;ations  undertaken. 
Further  clarilication  of  the  relationship  be- 
tween iiarental  age  and  tnongolisin  is  essen- 
tial to  this  new  orientation. 

It  is  now  well  established  that  the  inci- 
dence of  Down's  syndrome  increases  sharply 
with  advancing  maternal  age.'"*  In  addition, 
other  esidence  indicates  that  sotne  cases  of 
I )own's  syndrome  are  independent  of  ma- 
ternal age.'  Paternal  age,  in  contrast,  has 
always  been  considered  etiologically  insig- 
nificant, yet  has  never  actually  been  studied 
by  direct  means.  More  recently,  a small 
group  of  translocation  cases  of  type  21-22 
ha\e  been  described  in  which  paternal  and 
not  maternal  age  seems  to  be  significant.’  In 
addition,  there  are  an  increasing  number  of 
reports  of  other  chromosomal  aberrations  in 
which  advanced  parental  age  appears  to  be 
imitortant."''  Because  of  the  new  insight  af- 
forded by  these  cytogenetic  discoveries,  the 
need  for  further  clarification  of  the  parental 
age  elTect  is  apparent. 

The  present  study  was  designed  with  the 
folh)wing  objectives  in  mind:  firstly,  to  ex- 
amine. by  interview  techni<|ue  and  medical 
record  analysis,  a population  of  parents  of 
children  with  Down's  syndrome  and  control 
mothers  and  fathers  for  exposure  to  certain 
en\  irnomental  agents  or  health  hazards  pos- 
tulated to  cause  nondisjunction : secondly,  to 
study  objectively  and  intensively  the  possible 
role  of  the  father  in  the  pathogenesis  of  the 
defect  and  finally,  as  a part  of  this  compre- 
hensive study,  to  examine  the  role  of  paren- 
tal age  in  a direct  fashion  by  using  age- 
matching  [trocedures. 

Only  the  data  dealing  with  aspects  of 
parental  age  are  presented  in  this  publica- 
tion. 

M.\TF,RIAI,.S  .WO 

.MFTHOn.S 

•Selection  of  cases.  The  nami’S  of  children 
with  a diagnosis  of  mongolism  wi-re  made 
available  by  the  Mars  land  Sl.ite  Training 
S<  h(Hi|.  spixial  Baltimoie  piiv.ite.  (onniy. 
paKHliial.  .md  public  s(  hook.  B.dtimoie  hos- 
pitals. and  pibate  phssici.ms  For  the  p.ii- 


ents  of  a child  to  be  eligible  for  inters  iew. 
the  child  must  have  Ireen  (I  of  Caucasian 
race,  and  (2)  born  in  greater  Baltimore  after 
Jan.  1,  1946,  and  prior  to  0<t.  I.  I%2. 
I'hese  criteria  were  imposed  to  limit  the  re- 
call period  to  tnore  lecent  events  and  to 
facilitate  the  location  of  hospital  recoids. 
Although  no  attempt  was  made  to  ascertain 
every  mongoloid  infant  Ixnn  during  this  pe- 
riod, 421  cases  were  collected.  .After  elim- 
inating those  who  did  not  meet  the  study  le- 
quirements,  288  children  with  a diagnosis  of 
Down’s  syndrome  were  initially  available  to 
study.  Of  the  cases  excluded.  17  could  not 
be  located  in  the  city  directories.  51  were 
definitely  not  born  in  Baltimore  and  birth 
certificates  could  not  be  located  for  8. 
Thirty-eight  cases  were  not  Caucasian  and  1 7 
were  too  old  for  the  study. 

Selection  of  control  subjects.  The  birth 
certificates  of  the  children  with  Down's 
syndrome  were  first  located  atid  their  place 
of  birth  anti  other  vital  information  verified. 
Control  subjects  were  then  selected  by  rigidly 
matching,  in  a systematic  manner,  each  case 
with  another  birth  certificate  for  ( I ) hospital 
of  birth  (or  at  home),  (2'  sex.  (3)  date  of 
birth,  and  (4)  maternal  age  at  time  of  birth 
of  the  child.  In  each  case  the  “best"  control 
was  a child  of  the  same  sex.  born  in  the 
same  hospital  or  at  home  (to  a mother  of 
the  same  age  > and  whose  birth  date  was 
closest  to  that  of  the  child  with  Down's  syn- 
drome. In  some  rases,  the  “best " control  on 
the  basis  of  the  established  criteria  either  had 
left  the  state  or  could  not  be  located.  In 
these  instances,  the  next  "best'’  control  was 
selected  usually  one  with  a slightly  greater 
diflereme  in  birth  dates—  the  other  citeria 
remaining  the  same.  Of  the  controls,  79.3  per 
rent  were  primarv'  selections:  14.6  per  cent 
were  replaced  with  new  controls  once  onlv. 
and  6.1  per  cent  were  replaced  more  than 
once.  .All  288  rases  (1(1(1  per  cent  were 
matched  with  controls  of  identical  sex,  race, 
and  hospital  of  birth  (or  home  . The  gi'ii- 
eral  results  ol  the  matching  of  maternal  age 
and  date  of  birth  are  shown  in  Table  I.  To 
ev .dilate  liirtlier  the  role  ol  pait'ntal  .ige.  the 
identic  111  process  was  again  c airiial  out.  but 
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Nc 

cas 

Maternal  age  I 

Do 

groupi 

5>’n<l 

< 19 
'M-2i 
25-29 
30-34 
35-39 
4U-44 
> 45 
t-'nknown 
Total  2 

*Sainc  case  biiih  dM 
fSaine  iiiatei  iial  at;e,  ' 


Tal)lc  II.  Pliysica] 
Down's  svndroine 


Physical  sign 

firachyccphaly 
Slanted  palpeliral  fifl 
Epieamhic  folds 
Palmar  simian  lines 
Malformed  eais 
Broad  and.  or  short  n 
Malformed  fingers  an 
hands 

Nasal  abnormality 
Hypertelorism 
.\hnormal  palate 
Brushfield  spots 
Broad  and  or  short  t 
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with  roiHrok  (d  iilciitital  ma.  tare,  atui  hos- 
pital of  hirth.  riu'n*  wori*  ouK  iiiitior  diflVr- 
oiu»'s  lu'turon  m. Itched  paternal  aues  .uul 
d.^le^  (<f  hinh  »d  tiu'  iiultA  e.iM's,  The  new 
eonirol  maternal  aues  were  lak(*n  tiom  e.ieh 
ot  tIu'  inalelieri  hinh  I'ertitie.ites  aiul  \Nere 
eoinp.ired  to  tin*  oi  ii.;inal  e.iMw  of  I >ow  nk 
sMulroini'.  .Maternal  a^e  v\as  the  <»nl\  \aii- 
ahlc  siiulii'tl  with  p.Uemal  am*  e(miiolleil 
hee.nist'  (d  reasons  to  he  discussed  helow.  a 
eiatain  nninl>er  of  eases  wen*  (‘liininated  ttnm 
the  sindv.  and  thus,  h'ss  than  the  otieinal  Jhh 


e.iM's  were  nltiniateh  iiseil  in  the  hnal  an.d\- 
sis. 

\ i’ri(ieali<m  of  diagnosis.  A sei  of  pliNsieal 
er  ileria  for  Mow  n’s  sxndronie.  based  <»n  tin* 
eonsistenih  ohsiMA  ed  liiuliiuis  as  pt  e\  ii>uslv 
rej)oiled.''  ''  w.is  estalilish(‘d.  These  etileii.i 
weie  seleeted  aNo  luA.uisi*  llies  wein*  oh- 
seiAal>le  on  inspeeti('n  of  tlie  child  ralhci 
lliaii  Iw  lonnaf  (A.nninatimi.  f'hcse  ‘’(wi- 
ni.irv’  ci  licria.  lo'4cilier  w itli  their  fKApuau  s 
in  tins  population  ol  c.iscs  (if  Mi'wn’s  s\n- 
dronie  art'  show  n in  TaliK'  1 1 . 

Iwich  axailaiilc  casi*  of  Down’s  s\iulronu* 
\\ .IS  (AamiiK'd  h\  ilu*  senior  anilior  .\.  T.  S . 
Thi*  diagnosis  and  inclusion  ol  a eliild  into 
the  studs  was  eonltinied  it  (A  on  juMson.d 
insp«A  lion  the  cliihi  was  mentalK  tei.ndi'd 
and  h.ul  .it  least  of  llu'  listed  priin.ns 
sii^ns;  oj-  U till'  diainuwlie  eiiteii.i  at  le.isi 
7 in  nninhei  wc'K'  aelnalK  lisu'd  h\  a piLdi- 
tit‘d  ohseiAer  «'n  .»  medic. d kh-ouI.  Tlie  st.iii‘- 
meni  on  .i  ch.n  t di.ii  “ihis  eliild  i.s  a iiH'iiiiol” 
dill  not  s.itisfi  the  ciiteii.t.  When  medit.d 
reci»rds  onlv  were  .u.iil.il'le  lo  eonlirm  llu' 
di.n^nosis  siuh  .»s  in  ihi'se  tases  wluae  llu‘ 
indtA  ilnid  w.is  deiiMsed  other  umihin.i- 
lions  ot  ili.ntt'd  conlinn.iloi \ d.ita  were  used. 
Mi.iunosis  w.is  also  .un'pted  wlien*  tiie  pri- 
m.ii\  siinis  W(‘ie  listeil  jdus  exiileiui'  of  ('itliei 
< <>n'.:(‘niial  he.n  i discas(\  .ihnoimal  liip  .in- 
;.;les.  or  ihiomosoni.d  studies.  Of  J*>1  east's 
snl>mined  lor  diagnosis.  iMti  ot  PJ.tt  pet  n'ut 
were  xeiified  .is  unieei;  I.”'!  on  pi'isonat  t'\- 
.mhnation,  ‘ia  on  I’oih  pt'iwmal  e\.imiiMli(»n 
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and  [lospital  ivoitls,  aiul  2()  on  liosj>ital  itc- 
oids  only.  I'hf  total  iminluT  of  vnillcalions 
is  ill  t*x(i*ss  ot  tlu‘  2H)  cases  ultimately  ac- 
cepted since  some  cases  were  lati'i*  eliminated 
for  other  reasons.  Nin<‘  patients,  most  ol 
whom  were  deceased,  had  to  he  eliminated 
htrause  their  available  medical  records  did 
not  list  the  reipiired  numh<‘r  ol  signs  to  con- 
lirm  the  diagnosis.  Another  'V.)  per  cent  were 
rejected  on  personal  examination  because  ol 
negative  or  e(|uivocal  diagnosis. 

The  liospltal  records  as  well  as  birth  cer- 
liiicatt‘s  of  all  control  children  were  exam- 
ineil  to  he  certain  that  the  “normar'  control 
group  contained  no  cases  of  Down's  syn- 
drome. 

(loinposition  of  I'nial  study  group.  Al- 
though 2HM  cases  were  originally  available 
for  study.  72  of  these  were  eliminated  for  the 
rc’asons  listed  below,  l(*aving  216  families  with 
Down’s  syndrome  and  matched  control  lam- 
ilies  for  the  final  analysis. 


Ca>iuliti(m.illv  accrplcd  for  suuly  JK8 

Kliminatcd  because  of: 

Incorrect  «)r  etjuivocal  dia.^nosis  18 

Hidu.sal  ol  parents  of  patients 
with  Down's  syndrome 
to  i'(H)perate  1 7 

In.d)ility  to  locate  family  with 

Down's  syndroine  15 

In.d)ility  of  family  with  syndrome 

to  ui\e  adeqtiate  interview  2 

Rt'fiisal  of  <(>nln)l  to  cooperate  20 

Accepted  for  final  analysis  21<i 


RKSl'LTS 

Paternal  age.  I he  paternal  age  distrihu- 
ti(»n  for  the  cases  of  Down's  syndrome  aiul 
contnds.  matt  htxl  by  matt'i  nal  agt‘.  ait*  shtnvn 
in  I’ahle  III  anti  Fig.  1:  in  addititin.  Fig.  1 
ctmtains  the  pati'iiial  age  distrihutituis  ot 
whitt*  births  in  Uahimtire  during  1916-1062. 
riiere  is  a marketl  iiu  rease  in  the  ages  of 
the  Dt>wirs  fathers  as  ct>mpared  with  the 
fathers  of  all  while  t lnltlren  l)orn  tliiring  the 
\amt*  time  pt  ritKl  in  Baltimore.  The  nu'an 
.ige  for  tile  f.itliers  in  the  s)iitlrome  gioup 
w.is  >1.‘^  yars  as  tomparetl  tt>  in  the 

llallimoie  popnl.itit)n.  In  contrast  tt>  tins  tlif- 
li  ein  e in  p.rternal  age  was  the  lesult  ol)- 
i.iKod  l»\  .1  (omp.irison  ot  cases  anti  cmi- 


PATERNAL  AGE 

Fig.  1.  fraternal  a.m*  distril)nlions  iti  eases  of 
Dt)wtrs  syndrt>me.  match<*tl  (Dutrols,  anti  in  while 
hirths  (B.dlimore.  1 9lf>- 1 9fi2 ) with  maternal  .igt* 

»-ontrolle<l. 


PATERNAL  AGES 
['0«nt  ond  Control  Co«tl 
Mo'frnol  contrwMc^ 


ZA  26  ZB  ^0  52  54  56  58  40  42  44  46  40  50 

8 

» CONTROL  PATERNAL  AGE  (yooo)  ovor 


I'iK.  2.  Seatieigiam  of  matclied  Down's  syndrome 
aiTil  control  » ases  as  to  paternal  aC‘  s with  m.e 
ternal  ace  controlled. 


trols  mat'.*h(*tl  by  maternal  agt‘s  anti  tin*  other 
vaiiahles  as  pre\iotisIy  tliscussed.  I'he  mean 
age  t)f  !M.9  yt'ars  for  tin*  lathers  in  the  syn- 
tlrome  gnnip  was  almost  idt'ntical  to  the 
mean  age  t)l  !l.5.1  for  tlu*  ctTiurols. 

In  adtlilitm,  tin*  age  disirihutit>ns  t>f  the 
lathe'  in  both  gttmps  are  tjuile  similar. 

' intnt*  precise  comparison  of  the  palcinal 
a e tlillert'iue  is  ohserxahK*  wIk'ii  iht*  corn*- 
sptMuliug  \)aU‘n\al  ages,  of  each  v>f  \\ie  2h'> 
malchetl  p.tirs  is  p|(»tted  on  a scattergram. 
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IMU*  l.lllu't. 

tlu- 

.in.iK'tN  « .1 

nil'll  niK  on  'Jt.l  ni.diliril  p.«i 

ri'r.  - slums  that  wlu'u  p.»lrrr..»l  am's  iti  ilu* 
‘ifonp  with  Down's  sMiiltoinc  an*  ph'tlrd 
aiiamst  llu*  lonliols.  tluTo  is  no  pn'pomliM - 
aiut*  <'t  points  ritluM  ahoM*  or  lu’low  llu*  di- 
a‘U’t>*d,  I lu’  inajoiitN  ol  am'-pairs  .nr  i lns- 
IitimI  ali'nii  tin*  ili.uu'i'.tl  indir.ttin;:  .\  sim- 
il.nitv  ol  .lurs  lor  tlir  {wi>  ‘^lonps.  1 hrrr  ai«‘ 
.1  nnnilu'r  »>!  ontstamlinii  I'xrrptions  wltrri'. 
in  .1  nnmhrr  ol  i .isrs.  thi'  ai;i'  oi  llu'  l.illuT  in 
llu*  i;ti>np  with  Down's  svndronu*  ‘•rr.itlv 
<*\<  t’cds  ih.it  of  tiu*  ronlrol.  hnt  llu*  trxrisr  is 
aKo  lnu*. 

A in.itihril  p.iii  .in.ilvsis  !)v  tlu*  us(*  ol 
p. lilt'd  t trst  t<*riinitpu*  raiiii'd  out  on  caili 
a'U'-p.iir  ronlirinrd  tlu'sr  liiulinus  hl‘ddt* 
IN*'.  Wlirii  till*  total  !2ir)  last's  writ*  an- 
.dv/t'tl.  lIuTt*  was  no  sioniliiant  dillVn'iut* 
hi'twi't’ii  llu*  l.itiu'is  in  tlu*  Down's  ^ronp 
anti  fontrols  D Mt»it*o\  rr,  wlirn 

an.iiv/t'tl  hv  f)  vr.ir  inatt'iiial  ai't*  liioups, 
tlu'ft*  writ*  no  simiilitant  tlilVrit'iut’S  rxit'pt 


in  the  malt'in.d  as^r  uioii)).  llowrvrr. 

tiu*  d.it.i  tlo  siu^iu'st  tlu*  possihiliiv  ot  an  in- 
(rrfs(in<4  p.ittt'in:  in  flu*  lonni^t'r  m.itrin.i! 
.ii;t's  ^nntli'f  !!*> ' . tlu*  Down's  s\ndrt»nu'  urtuip 
lathers  .irt*  vontuu'f  th.in  tlu*  fontiols.  when** 
.is  .muuui'  llu*  t>ltlt*i  nuMht'is  .iiul  o\t'r', 
llu*  f.is<*  latlu*rs  .m*  oldt*r  ih.in  tlu*  lontnds. 
Siiut*  this  is  an  t'\  post  l.uMo  t'hsrn alion. 
oiu*  shonlil  tu't  .ittiiiniti*  .inv  sij^niluMiut*  to 
it.  lun\t*\t*r.  it  is  ol  snilu  it*nt  itUt'fi'st  tow.ir- 
r.int  Initlu'i  \.did.itit>n  in  .in  inth'ju'nilt'nt  set 
of  d.it.i. 

Matrrnal  a^c.  l lu*  in.itt'rn.d  .luc  distrilm- 
tit>ns  for  tlu*  lot.d  2ir>  nuitrlu'il  east's  is  slu'wn 
in  '.y  Situ'i*  tlu*  e.ist’s  ol  Dtmn's  svn- 

tiitmu*  .nul  liUititOs  writ*  liixt  tn.itilu'd  ItM 
in.itt'rn.d  aiit*.  tlu*  disti ihntions  are  pr.irtiiMlIv 
itlt'nlie.d.  Ilt'wrvt'r.  tiu'v  do  dt'inonstr.Ui*  tlu* 
i h.ir.u  tt'i  istir  int  rr.isi*  in  niatt'in.d  aut'  in 
Down's  sMulronu*  when  fonipan'd  tti  all 
whilt*  nu>tlu*iN  in  H.iltinu^n*  ht'twt'rn  19U> 
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aiul  1962.  The  mean  age  lor  moiliers  of  chil- 
tlreii  with  I)o\vn'.s  syndrome  is  32.5  as  com- 
j)ared  to  26.6  for  the  general  Hailimorc 
jj()()ulation.  'The  tlistril)ution  enr\e  for  these 
molht'is  is  himodal,  with  the  main  peak  at 
the  3.')-;>9  age  group  and  the  lesser  peak  at 
th(‘  20-24  age  groiij).  In  addition,  tlte  lesser 
peak  at  age  20-24.  eori(‘s[)<mds  exactly  with 
the  maximum  peak  for  all  births  from  the 
general  po|>ulation. 

.Since  maternal  and  paternal  ages  are 


0»t' 

MATERNau  AGE 


Pig.  !k  XtaiiTtial  am*  (Iistril)uti4m.s  in  c.iscs  <>1 
Down's  synclrojiu-,  matclicd  control.s.  atui  wliiU' 
births  (Baltimore.  1916-1962)  with  maternal  am- 
controlled. 


MATERNAL  AGE 


Fig.  4.  Maternal  age  distributions  in  cases  of 
Down's  syndrome  and  in  matched  controls  with 
paternal  age  controlled. 


closely  coirelatecl,  and  because  tlie  eflects  of 
each  ha\e  l)een  difficult  to  separate  in 
Down's  syndioine,  it  was  felt  essential  to 
reverse  the  inatchint;  ])rocedure  and  examine 
the  maternal  at^es  with  the  fathers’  ayes  held 
constant.  'I'liis  was  attain  accomplished  by 
the  use  of  biith  certificates:  new  control 
fathers  were  matched  with  the  fathers  of 
children  with  Down's  syndiome  for  paternal 
atte.  date  of  birth  of  the  child,  hospital  of 
birth,  sex.  and  race  of  the  child.  The  new 
control  m.aternal  atjes  (as  listed  on  the  biith 
certificates)  were  then  compared  with  the 
mothers. 

The  maternal  asre  distributions  of  these 
mothers  anti  the  matched  controls,  with  ])a- 
ternal  atte  controlled,  are  shown  in  Table  \’ 
and  Tit;.  4.  It  is  clear  that,  in  the  syntlrome 
ttroup.  there  is  an  e.xcess  ot  mothers  in  the 
older  maternal  .at;e  eroups  and  that  these 
mothers  are  a distinctly  older  population  than 
the  matched  controls.  The  mean  atte  of  the 
mothers  is  in  the  syndrome  ttroup  as 

coinparetl  to  30,2  for  the  controls.  The  tlif- 
ference  in  maternal  at;es,  however,  is  not 
neaiK  as  ttreat  as  that  demonstrated  when 
these  mothers  are  compared  to  the  iteneral 
llaltiniore  |)opulation  mean  atte  2.5.6. 

The  maternal  age  of  each  of  the  cases  is 
plotted,  with  its  matched  control,  on  a scat- 
terttram  in  Tig.  5.  'There  is  a concentration 
ol  the  plotted  points  away  from  the  diagonal 
toward  the  maternal  age  axis,  further  dem- 
onstrating the  increased  maternal  age  in  the 
Dtnvn's  syntlrome  grou]). 

I'he  marlted  statistical  signilicance  of  the 
maternal  age  ell’ect.  as  o])posed  to  paternal 
age  elfect.  is  illustrated  in  'Table  \'I.  The 
relationship  of  each  case  to  its  matched  con- 
trol is  again  analyzed  by  use  of  the  paired 
t test.  'The  total  mean  age  dilTerence  was  2.3 
yeaix  older  lor  the  syndrome  group  mothers 
than  controls.  'This  corresponds  to  a t \alue 
of  6.05  which  is  very  highly  signilicant  (p 
<0.001'. 

ni.SCDS.SION 

Since  1933,  when  Penrose"  and  Jenkins" 
eliminated  any  jraternal  age  effect  in  Down's 
syndrome,  there  has  been  practicallv  no 
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Um  .nisn  of  llin  nlinn  noi  inl.ilion  linlwnnii  ninr.  in  nonti.i'l  to  llin  in.ijoi  o'l.ilionsliip  ol 

in.itrin.il  -mil  p.iinrn.il  .n;n  in  'annnr.il,  it  li.is  l>inins  siiulioinn  .mil  ni.itnin.il  .inn.  .ni\' 

alii.iis  linnn  iliHiniilt  to  ni.iln.iln  tlin  ilnnrnn  p.itnrn.il  .nan  niinni  rnin.iiiis  .i  sin. ill  onn. 

of  .issoi  i.itioii  ili.ii  nillinr  inin.lil  li.i\n  willi  I'lin  .issih  i.tlion  ol  olilnr  moinnrs  willi 

l)imn's  sMiilroinn.  In  lliis  stiiiK,  ni.ilnin.il  Down's  sMiilromn  is  now  inilispnl.ililn  llin 

.nan  w.is  n.irnfiilK  nonlrollnil  tin  .iilililion  to  pronnilinn  niili/’nil  ill  llin  pinsnni  sliiilv  ilnni- 

otlinr  \ .iri.ililns'  .mil  p.iinrn.il  .iitn  w.ts  sliiil-  onsir.ilns,  nnni|ni\  oi  .illi . thn  posiiim  o'l.i- 

tnil  in  .1  iliinnl  f.isliion.  .Mllioiinli  llin  f.illinrs  lionsliip  willi  tn.ilnrn.il  .iitn.  Ilownxnr.  onn 

in  llin  Down  s sMiilronin  iponp  .irn  .in  .tinr-  .ispni  I ol  llin  ni.ilnin.il  .i^n  ilisii ilnilion  is 
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Fig.  5.  Scattergram  of  matched  Down's  syndrome 
group  and  control  group  maternal  ages  with  pa- 
ternal age  controlled. 


Collmonn  S Stoller 
Victoria,  Australia 

• Down's  Cosos 


Fig.  6.  Maternal  age  distributions  for  all  births 
and  births  of  infants  with  Down’s  syndrome  in 
Victoria,  Australia  (1942-1957). 

worthy  of  further  comment,  namely  the  find- 
int;  of  a smaller  peak  in  the  maternal  age 
distribution  at  the  younger  ages  resulting  in 
bimodality.  This  birnodality  has  been  alluded 
to  by  Penrose, 0ster,“^  Collmann  and 
Stoller,^’  and  others.  More  recently,  it  has 
been  attributed  to  the  presence  of  transkx:a- 
tion  and  other  familial  chromosomal  abnor- 
malities.** However,  it  is  probable  that  this 
peak  does  not  represent  an  excess  of  cases  of 
Down’s  syndrome  at  all,  since  the  corre- 


sponding actual  age  specific  incidence  rates 
(Table  VII)  fail  to  show  a peak  in  the 
younger  age  groups.  Instead,  there  is  virtu- 
ally no  change  in  the  incidence  of  Down's 
syndrome  until  the  age  of  30  is  exceeded. 
However,  it  is  possible  that  the  early  peak 
shown  in  the  age  distribution  is  a statistical 
artifact  and  reflects  the  large  number  of 
births  to  mothers  between  the  ages  of  20  and 
29  in  the  general  |)0]julation.  Even  though 
the  incidence  of  classical  age-dependent 
trisomy  is  very  low  in  the  younger  age  groups, 
a relatively  large  number  of  cases  of  Down’s 
syndrome  can  be  expected  because  of  the 
high  birth  rate  below  the  age  of  30.  Simi- 
larly, translocation  and  familial  Down's  syn- 
drome is  probably  age  independent,  and  the 
largest  number  of  cases  can  be  expected  in 
the  younger  maternal  age  groups  where  birth 
rates  are  the  highest. 

This  explanation  is  strengthened  by  ex- 
amination of  the  data  of  other  investigators. 
The  maternal  age  distributions  of  over  1,000 
cases  of  Down's  syndrome  gathe-i-ed  by  Coll- 
mann and  Stoller'-'*  is  shown  in  Fig.  6.  This 
distribution  also  shows  a shaqj  secondary- 
peak,  in  the  25-29  age  group,  which  is  also 
the  group  containing  the  most  births  in  the 
Victoria  ])opulation.  Thus,  ii:  both  our  own 
population  and  in  Victoria,  Australia,  the 
early  peak  in  the  material  dist.  ibution  of 
cases  of  Down’s  syndrome  corresponds  ex- 
actly to  the  maternal  age  peak  in  the  gen- 
eral population.  The  maternal  age  distribu- 
tion in  ca.ses  of  Down’s  syndrome  of  other 
independent  (jopulations  reported  by  0ster* 
and  Carter  and  MacCarthy*  also  demon- 
strate this  effect,  although  less  prominently. 
It  should  be  emithasized,  though,  that  the 
corresponding  age  s])ecific  incidence  figures 
for  each  of  these  populations  arc  very  simi- 
lar. 

That  the  secondary  peak  (in  the  younger 
ages)  in  the  maternal  age  distribution  is  a 
result  of  the  maternal  age  distribution  of  the 
total  births,  may  lx-  demonstrated  as  follows: 
two  theoretical,  populations  of  births  have 
been  deseloped  and  the  maternal  age  dis- 
tributions of  each  are  shown  in  Table  VII. 
(The  shape  of  these  curves  is  similar  to  actu- 
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makes  possihU*  a iliiect  evaluation  of  the 
ielali\e  contribution  of  each  parent. 

The  iinpli<  ations  of  these  fiiuliniL^s  extend 
to  otlier  conditions  as  well.  'I'he  newly  de- 
scribetl  I)  and  E irisoniy  syndromes  have 
stimulated  further  interest  in  tlu*  etioUv^y  of 
nondisjr.nction.  These  conditions  haw  also 
bi*en  associated  with  increased  maternal 

aite. and  would  thus  in\ol\e  some  ol 

tlie  objections  alreatly  tliscussed.  Smilii."  for 
instance,  compares  the  average  maternal  a,«te 
of  Di  and  18  trisomii's  (1962  from  \arious 
sources'  to  tlu'  mean  ai»;e  of  Down's  and 
control  urovips  from  births  in  Fatijiand  and 
Wales  in  1989  as  icported  by  Penrose. 

Hecht  and  co-workers'  concluded  that 
nondisjunction  in  trisomy  17-18,  as  in  DcnviTs 
syndrome,  is  mainly  maternal,  because  the 
mean  paternal-maternal  aije  dilVerence  for 
the  cases  was  1.7  as  compared  with  years 
in  the  control  populations  of  all  Ibiiled 
States  birtlis  in  1960.  lIowe\er.  the  mean 
ajj^es  of  both  the  fatliers  (;16.0)  and  mothers 
(!D.8'  ol  trisomics  are  much  ‘greater  than 
the  controls  (29.9  aiul  26.4'.  and  thus  these 
conclusions  must  be  tempered  with  caution. 
4’he  cases  in  this  serit's.  for  instance,  are  col- 
lected from  numerous  sources  and  als(>  Irom 
dillen’nt  countries,  yet  the  parental  aites  are 
i;roup('d  and  compared  to  tlu'  mean  parental 
aiics  for  all  ol  the  biiths  in  the  I’niled  Statt's 
durine:  191)0.  IIo\v{*mt.  in  \iew  of  the  dem- 
onstrated varibilitv  in  parental  a^cs  i Tabh* 
\’ll  . the  control  ilata  used  by  Meeht  and 
co-work('rs  are  unsatislactorv.  ( 8earb . the 
tlemonstralion  ol  a smaller  matei nal-p.iternal 
ay;e  tlillerence  in  these  trisoinv  17-lH  cases 
does  not  juslilv  tlu*  conclusion  that  m.itt'inal 
nondisjunction  is  ‘'tin'  sitJLtle  most  impor- 
tant caus<'  ol  the  svndrjune.**' 

It  should  be  emph.isi/ed  that  failure  to 
show  a sii:!iilie.uU  relall('nship  nith  pat«'in.d 
am*  does  not  uairanl  the  elimination  ol  the 
father  Irom  et  ioloylc  consideration.  Si  me 
Dowtt's  aiul  otlit‘v  trisoinv  s\ndiomes  occur 
at  all  p.mMital  aues.  »-ojn4.ui(Mi  with  a^e 
must  In*  ('('nsideo’d  as  onU  ,i  unide  in  the 
search  l<»r  the  aitu.d  <ausal  laclors.  .\ddi- 
tional  d.Ua  obt. lined  it)  the  held  sIikIn  de- 
stiibed  in  this  p.ipei  will  pioxidi*  fiitther 


observations  on  possible  paternal  and  ma- 
ternal factors. 

Sl’MM.VRY  AM)  CONCLUSIONS 

I'lie  relative  signilicance  of  maternal  and 
paternal  a.ues  were  exaluated  as  part  of  an 
epidemiolo‘4;ic  study  of  Down's  syndrome  in 
Baltimore,  Manland.  liy  the  use  of  a con- 
trol liroup  matched  by  birth  certilicates, 
])aivntal  ai^e  was  studied  directly,  lirst  by 
contiollimj  maternal,  and  then  paternal  aues. 
There  was  no  positixe  statistical  as.s(H'ialion 
of  paternal  axte  with  Down's  syndrome.  The' 
relationship  between  Down's  syndrome  and 
incrc'ased  maternal  aiie,  howtwc'i.  remains 
unecjuivocal. 

I’he  earlv  secondaiy  ])eak  reportc'd  prc'- 
\iously  in  maternal  ai^c'  distribution  in 
Down's  syndrome  was  aijain  found,  and 
shown  to  be  an  artilact  a rellc'ction  of  the 
hiijh  fre(|uency  of  total  births  at  this  ma- 
ternal a‘^e.  Selection  ol  reliable  control  d.ita 
in  the  study  of  the  parental  a‘4e  cMfect.  both 
iu  Down's  anxl  other  syutliomes.  w as  stvessexT. 
the  adecpiacv  ol  control  ajic's  used  in  the 
studv  of  tIu'  parental  ai*c‘  i*ll'ect  in  other 
trisoinic  conditions  is  cpu'stionc'd. 

\\'i‘  w i>li  In  ai  kium  h'dye  die  rninrihutinns  (*f 
Dr.  \Villi;uii  Ih-l/ueeker  who  help<'d  insiiuite 
this  suid\.  Mrs.  .Suv.in  Baker  wh<»  w.i';  respitn- 
sihle  for  tlx*  ennipiiter  proiiramminy;.  Mis-i  Tl.iitic* 
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.\hiahains  (nr  their  Ix’lpfnI  svtim«'Mi<aiv.  hi  .uhli- 
tinn.  iieix'iniis  i ()n|ii'r.iti(Mi  .iiul  support  w.is  ui\<'ti 
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Willi  iIr‘  ilisn)\t'iy  lliai  ihc  niajoi  ilv  <>1  indii  idii.ils  ividi  Moii<;i>lism 
arc  liisomu  lor  i luoiiiosoiiic  L'l,  aliciilion  lias  liccii  Ionised  011  ilic  time 
period  prior  10  i oik  ejilioii  and  on  i>anieios>enesis  in  seari  li  ol  an  explana 
lion  lor  die  error  uf  non  (lisjnneiion. 

liei  aiise  ol  die  known  relalionsliip  helween  ioni/in,i>  radial  ion  .nid 
eliroiiiosonial  alierralions  iiK  liidiii”  non disjinu  1 ion  in  Drosopldl.i.  I.ilio 
lalory  animals  and  man  (I- II).  die  assoiiaiion  ol  leukemia  and  Mon 
'’olism  (12  I I).  and  die  iridely  aeiepied  lenkemo<;enii  elleel  ol  radiaiioii 
(l.a  L'l).  a sisnilieanl  link  lieliveen  ioiii/in<i  radiaiion  .ind  Mongolism 
was  (oiisidi  reil  a leasonalile  possiliiliiv, 

I he  ii-ieiii  ( vioi^enelii  and  epidemiologic  ohserraiions  siimnlaied  die 
pieseiu  siiwU  ol  die  (Missihle  ulaiioiisldjis  henveen  Mongolism  and  ioni/- 
im>  radi.iiion  jiiioi  lo  or  aioiind  die  lime  of  (oncepiion.  As  part  of  an 
epidemioloj^ic  iin esi i,<>ai ion  nidi/in,<>  in(er\iew  letlmiipie  anti  mediial 
retold  .niaivsis,  .i  oionj)  ol  modiers  and  ladiers  of  tliiltlren  wiili  Mon 
golism  .111(1  toiilio’  ^idijetls  weie  eialnait'd  lor  exposnre  10  \arions  Ivjies 
ol  ladialion. 
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fioiii  die  .N.iiion.il  Insiiniies  ol  lle.ddi. 
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Ditision  ol  R.idioloeii .d  lli.ddi.  I S.l’  l|..s. 

Iddress:  Depai inieni  ol  IVili.iiiiis.  I li..  |o|ins  Hopkins  I lospii.il.  Ualiiinoie, 
M.imI:(ihI 

* I)i.  I.iliftilt  1(1  is  ;i  ivtipicMl  r>l  .i  Rcsciiidt  Cjmci  \\v;i»(I  Nd,  .‘j  RH  (; M 1 ,iiul 

Dr.  (.olicii  is  :i  i(‘(ipi(  nt  ol  ;i  Rrst.mh  (diitti  Dt'\ ( l(»|)itu'ni  \<(.  "i  K:i(,\f  VVJ(i, 

Ixitli  lioiii  1 he  Niitioiijii  iMstiioK-  of  (iciici.il  Mfditiil  S:  ictiics 

f/l 
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5,  Maryland 

\l  \ I I Kl  M s \\1)  Ml  I 111  IDs 

\.  Si7i'i  tnu!  ill  < iiM  i 

I 111'  iMiiU's  111  iliililu'ii  \iilli  .1  ili.i'Uiiiisis  III  \Iiiin;(i|iMii  will-  iii.uli- 
.11  .iil.ililt'  li\  I In-  M.ii  \ l.iiiil  Si.iic  I I .linin';  Si  lull  i|.  s|K't  i.il  li.ili  inn  n i-  |ii  i\  .ili . 
iiiniiu.  |i.iiiii  lii.il  .mil  jinlilii  siliunls.  li.ili  iinm  i-  liusjiii.ils  .iinl  |iii\.ili' 
|ili\sii  i.nis.  Iiii  ilic  |i.mnis  ul  a ilnlil  in  In-  ili'.;ilili-  lui  iniii  \ imi . ilii- 
iliilil  nnisi  li.ivc  lii'i'ii  I I III  ( .1111. isi. Ill  i.iii'.  .mil  'Ji  limn  in  ;;u'.mr  li.ilii 
innU'  .lllfl  |.mil.ll\  I.  Illlli  .mil  |iliii|  in  Oiinini  I.  IIKil.’.  I lusi-  iiiuii.i 
iM'if  im|insiil  III  limn  llii'  iii.ill  |niinil  In  innu-  uicni  I'Miils  .mil  In 

l. ii  ilii.ili'  llii'  Ini.iiinn  nl  lins|iii.il  uiiiiiU.  \lilinni;li  nn  .nii'ni|ii  w.is  inailc 
In  .Isiiil.iin  IV  ri  \ \lnn'.;nl  linin  ilmill'^  lllis  |niinil.  IIII  i .isis  Will'  iiil 
III  ii'il.  Mil  l 1-11111111.11  in'4  I linsf  M hn  iliil  iini  mil  l ilu-siniK  ii'niiiu  nu  nis. 
JS.S  I .ISIS  III  \|nn'.;nlisni  (iiiii  mi  Miiluil  liv  |ili\sii.il  ^■\.mnn.ll  inn  i win- 
iniii.ilU  .n.iil.ililc  Ini  siniK.  ( )l  ilii-  i .isi's  I'liminaUil.  17  inniil  nut  In- 
Ini.iicil  in  ilii'iii\  iliu'i  ini  ics:  .'i  I wi-n-  ililmiu-K  nni  linrn  in  liali  imiiK-: 
111!  I li  III  I i III  .Ill's  I nn  III  nni  III-  Inn  ml  Ini  i-i'.;lil : .'IS  i ,isis  mi-h-  nnl  ( .iili  .isi.in : 
.mil  17  Wi  U-  Inn  nlil  Ini  ilic  sinilv. 

I'l.  Nc/i  i/imi  ill  ( iiiilKil.i 

I III-  I III  I li  I Cl  I i 111  .Ill's  III  I 111-  ill  ill  I nil  nil  1 1 Mnii'^nlism  win-  livsi  li  u .m-il 
.mil  I Ini  I jil.ii  I-  III  llii  I li  .mil  III  lii-i  \ ilal  inlnrin.ilinii  \ ci  ilicil.  ( nnl  nils  wcii- 
I Ill'll  si-li'i  li'il  I IS  iii.ili  liiii'^.  in  a sssli-inai  ii  ni.mni'i . i-.ii  li  i .isi-  witli  annilu-i 
liiiili  ii'iiilii.iic  Ini  I I lins|iii.il  III  liinli  n"  .n  liniiii'i.  LM  si-\.  .'!l  ilaic  nl 
liiiili.  .mil  li  niaii'in.il  .n;i'  .ii  liiiii-  nl  liinli  nl  ilu-  child. 

Ml  L’S.S  I .ISIS  (IIMI  |ici  ci-nO  svcic  man  liiil  uiili  inniinis  nl  iiliniic.il 
si'\.  r.ici'.  and  lins|iii.il  nl  liinli  (in  lininci.  I In-  ;;i'iii  r.d  icsniis  nl  ilic 

m. iii  hill'.;  nl  ni.iicin.il  .i'.;c  .md  dale  nl  liinli  .iic  shinui  in  l .ihlc  I.  lie 

I ansi-  III  n-.isniis  in  he  disi  nssed  lii  lnsi.  ,i  leH.iin  immliei  nl  i .ises  sven- 
el  ini  i nail'd  liinii  I he  si  nils . .mil  1 1 ms  lewer  l han  i he  ni  i'.;in.d  L’S.S  i ases  were 
nllim.ilelv  used  in  ihe  hnal  .m.ilssis. 

(7  ( tiiiliK  t iiiiil  /iili'i'i'ii'U’  III  I’liii  ii/.i 

Mil  l I'.nh  l.miils  w.is  Ini  .iii  d.  a innu  li  iii  i ili.sei  iliiii”  ihi'  sindv  as  an 
ins  esi  i|.;al  inn  " nl  |i.ii  eni.d  .mil  i hild  he.ill  h l.ii  Inis  \i  ,is  ni.iiled.  I he  same 
li'llei  ss, Is  sent  In  linlh  ihe  Mnn;;nl  and  iniinnl  l.nniliis.  .mil  nn  inenliiin 
\s.is  ni.ide  nl  Mnii'^nlism  in  ihis  i iininmnii  ill  inn.  Ihe  innihei  .md  l.ilhei 
Mi  le  ihen  inleis  iewed.  nsii.dls  inde|iendenlls.  in  ihe  hnnie.  I he  .i|i|iiii.ii  h 
III  liiiih  dll'  l.miilies  nl  die  Mnn'.;nls  .md  iniilinls  M.is  miilnnn:  die  iiilii- 
s ii'Mi'i  s M 1 1 e nnl  inlnniied  M llii  h M ei  i-  i .isi's  .mil  inn  I nils,  .md  ni  n;;nil  inn 
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* Santr  case  biith  <lat«-  within  h months, 

t Sam<*  mal«Tnal  au<-  wiihiti  I y<*ar. 

1)1  ihc  Mongol's  lariiilv  ua^  not  usually  iiia<li'  until  tin-  adiial  inittxicw 
uas  ( oiKliiiH'd. 

Out  <)l  till'  IJ.SiS  ( asis  and  2!S,S  tonliols  inilially  st  int  led  lot  slndy.  inifi  - 
\ ifws  wfif  ohiaiiiftl  on  87 .j  pt  i t fin  ol  thn  rnollit  is  anti  8"). 8 pt  i t t in  ol 
ilif  lailifis  ol  tlif  Mongols  anti  on  8(1. 1 |ki  i t-iii  and  8.').  I pm  i t-ni  ol  tlit- 
man  lift!  ( imliol  molhms  and  lallims  itspt'i  lixt  iy.  In  fxmy  tasi-  xx  limc  a 
lainilv  ifinsfil  to  t oopmaif.  ilif  t oi ifs|.>onflin”  malt  litti  lasn  oi  toniiol 
xxas  also  fliminalfd  Iidiii  analysis.  I lifif  xxfif  only  minoi  tlillfitnt ns  in 
snt  t fss  ol  inif! X ifxx  in”  hoili  ”i()nps.  Only  ,a..a  |)m  t t'iil  ol  motlims  ol 
.\Ion”ols  and  7.()  pm  icnl  ol  tlin  fonirol  mollims  it'lnscd  to  toopmalf, 
xxliilf  ,7,(1  pff  ifiil  ol  ihf  .Moin^ol  lailifis  and  7.(1  pm  tt  ni  ol  ihf  toiun)! 
lalhms  also  rt'lnsml. 

1).  Mi’llioil  oj  ()iii'\li<>iiint^ 

( )ntsl ions  ahoni  radiation  fxposttif  xxtif  alxxays  plnast-tl  xxiiliottt  Vflm- 
ftit  f to  ihf  hii  lli  ol  tlif  intlfx  t liilil.  I'oi  instant  f.  "llaxt-  vott.  ttnytinif 
dtiiiii”  yotti  lilf.  Iiitil  X t ttys  ot  ratlitnion  lor  ”alll)liiddti  tlisfttsf?  II  so  ”ixf 
lilt-  ditifs  ttnil  platfs  ixlific  this  on  ttriftl.  " Only  Itttm.  tltti  iii”  the  atialysis. 
xxfif  thfsf  rtitlittt ioti  ot  t ttt  iftit  fs  fiititttmatftl  ttnd  pltti  t'tl  in  thf  tiitin 
pt  riotl  fithm  |>rior  to  or  lolloxvin;)  thf  hiith  ol  thf  .Mont^ol  ot  t ittitit)!. 

I'.  .Mr(li((il  Rrcdxis 

.\  sitittthattfotts  sltttly  ol  sfXfial  t harai  im  isiit  s ol  thf  ptii  tmts  xxttst  tm  iftl 
ottt  hy  fXiitniniti”  hospital  iftonls.  .\  list  ol  fxmv  pait'ittttl  nttnif  itt  thf 
sttidy.  both  tnartifd  anti  iitaiilfn,  xxas  stihmittftl  to  fXfiv  hospit.tl  in  thf 
t iiy  ol  I’ltill iiitoi f.  This  was  pt'i  lonitfil  intif pf tiilfiit Iv  atnl  it  t t spt’t  t ix f ol 
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liu'  inliM in.ii idii  olii.iiiii'il  III!  iiKiiAKAi.  II  It  l(•((ll(l  til  .ll((■ll(l;lll< i-  .11  ilic 
lins|)iiAl  was  availalilc.  tlwilian  \vas  rc\ii-\M-(l  in  (.-ntiiity  Inr  ll  imalical 
diagnosis  liolli  in  and  mil  liatiiau  \isils,  'J)  snis^iial  dia^nnsi's  and 

|irii(  idnii  s and  .i)  x-ray  muilic  i radiaiimi  i x|>iisni<  s. 

I'  . I 'l  iilii  iilidii  <>l  I >iti!:,ii(isi.s 

\ si't  ot  jihvsii  al  (l  iii'iia  Im  M(in"<iliMn  liasi-d  mi  iIk’  innsl  i misisu  ni Iv 
uliM'iAi'd  lindiin^s.  as  |)rc\imislv  n.'|)mii'd  (22,  2.'()  ivas  r'sialilislwd.  1 lusn 
■'|>i  iinai  v"  ( viU'i  ia  iiu  Indr'd  lirai  hvi  ('iilialy.  slanted  |)al|)el)tal  (issues.  I’pi- 
(ai'lliit  liilds,  |>almar  simian  lines,  mallmnied  ears,  broad  (s'  or  sliorl 
net  Is.  inallorinetl  linj^ers  .is'  or  hands,  nasal  abnm  nialily.  hy|)ertelorisni, 
abnormal  palate,  lb  iishlield  spots,  and  broad  .y-  01  short  trunk.  I'  .u  h 
.i\aii.ible  t ,ise  ol  .Mmitiolism  was  examined  bv  the  seniot  tintboi  ( A.  I .S.). 

I he  diarinosis  and  ini  hision  ol  .1  thild  into  the  simU  was  lonlnined  il 
i.V)  on  peisonal  inspeilion  iheihild  ;i|)peated  ment.ilK  lelatded  ;nid  had 
■it  least  six  ol  the  |)iimaiy  sij^ns;  m (lb  the  diat;nosti(  iiileii.i  (.it  least 
se\  ell  in  nnmbei ) wt-i  f tit  1 nail  v 1 islet  I bv  a ipia  lilted  observ  ei  on  ;i  metlieal 
retoitl.  rite  sialemeni  on  :i  than  that  ' this  t hild  is  ,1  Mon;.;ol  " diil  not 
salislv  the  t riteria. 

On  the  basis  ol  the  sindv  t iileria.  the  tli.i”nosis  ol  Moni;olisni  was  \eii- 
(led  ill  2,'ld  Ol  (12..'''  pet  < fill  ol  tits'  < ,ises.  ( >1  lliese,  l.'i.')  diagnoses  w eif  b.ised 
on  phvsieal  examination  alone.  on  both  peisonal  exatnin.ilion  phis 
hospittil  ret  Dills  anil  2(i  Irom  hospital  1 ft  mils  alone.  N iiie  i ases.  m :\.i<  pet 
tent,  most  ol  whom  weie  ileit'ased.  wetf  eliniinaleil  betiinse  iheii  av.iil 
tible  mediial  reionls  ilitl  not  list  the  leipiired  nnmbei  ol  sit;ns  to  imilinn 
the  diaeiiosis.  .Vnother  .‘k.a  perifiit  were  rejeileil  on  peisonal  examintition 
beeanse  ol  neealite  or  etpiitoial  ili;i(;nosis.  1 be  total  niimbei  ol  eases  is 
in  ext  ess  ol  the  211)  .\[ont;o[.s  (all  \erilieil)  iilt/niaielv  anepieil  sime  some 
I uses  were  later  eliminateil  lot  othet  retisons. 

0.  ('.tiiitjio.'.iliiitt  0/  l-iiKil  Sitttly  (iimi/t 

\lth01n4h  2S.S  last's  wete  ori<>inally  ;i\;iilable  lot  siiidv.  72  ol  these  wfte 
eliminateil  lot  the  ri'asons  listed  below.  le;i\ iin.;  2111  Mon;.;ol  himilies  ;ind 
imilehed  eonliDl  lamilies  lot  the  Iinai  analysis. 

( '.oiidilionallv  .Vnepled  to  .Study:  2.S.'' 

l•liminalt'd  beeanse  ol: 

liiiorteil  01  eipiixoial  diai^nosis:  I.S 

.Mongol's  patents  lelnsed  to  eoopeiaie:  17 

I'nable  to  loeali'  Moneors  ramily:  l.'> 

Moiii>ol's  laniilv  iinable  to  ;.ii\t'  .ideipi.iie  inier\is'w: 

(diiIiiiI  ri'liised  to  eooperale: 

.\neplt'd  lot  I'iiial  .\nalysis: 
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1.  Rcsidi-nlidl  m.sloty 

It  was  fs.sfiitial  to  study  residential  liistory  to  1)  evaluate  jiossilrle  diller- 
eiues  ill  liaekf'rouiid  radiation  e.\|)osnre,  -)  rule  out  dilferent  es  in  inedi.al 
ex|)osnre  liased  on  <;eo>>ra|)lii(al  proximity  to  medit  al  tat  ilities,  and  in- 
sure that  the  risk  ol  hein<*  irradiated  in  a Baltimore  hosjjital  was  not  al- 
let  ted  by  dillereiu  es  in  the  duration  of  resideiu  e in  Baltimore. 

Sixty-one  and  one-tenth  per  tent''  of  the  mothers  of  \Ion<*ols  and  .'>7.9 
per  cent  of  the  control  mothers  were  born  in  .Metropolitan  Baltimore; 
'i-l.fi  per  ceni  of  both  the  .Mongol  and  tontrol  fathers  were  born  in  Balti- 
more (yf  = 1..7I.  not  statistically  .si,<>ni(icant).  In  addition,  there  rvere  no 
other  si,s>nili(ant  dillereiues  in  areas  of  birth — either  within  or  outside  the 
I'liitcd  States. 

The  length  of  lime  .s])eni  in  Baltimore  prior  to  the  birth  of  the  index 
child  was  very  similar  for  both  oKiiips  ol  iiarents  and  is  summarized  in 
Table  II.  .Moiif'ol  and  tontrol  mothers  numherin“  respectively,  ">(1..')  per 
cent  anti  '>7.0  per  c ent  anti  ;")()..')  jier  cent  anti  .').'{. 7 jier  t ent  of  the  Moiiool 
aiitl  tontrol  fathers  hatl  sjient  their  entire  lives  in  .Metropolitan  Baltimore, 
either  starling  Ironi  birth  or  prior  to  age  1,7.  riiere  were  no  significaiii 
differences,  for  resitleiitial  history  between  the  cases  anti  tout rols.  Funhev- 
niore,  there  were  no  signifiiani  tlifferences  in  the  total  number  of  years 
spent  in  other  major  areas  of  the  rnitetl  States  jnior  to  the  birtl!  of  the 
intlex  f hiltl. 

.\nalysis  ol  the  type  of  parental  resitlent  e thiring  the  live  years  prior  to 
the  index  t hiltl's  birth  tlemonstratetl  that  there  was  no  concentration  of 
parents  either  in  the  rural  or  urban  areas  fluring  this  periotl.  Ninety-three 
and  one-hall  per  tent  of  the  Mongol  mothers  anti  92.1  iter  cent  of  the 
control  mothers  livetl  in  cities  tinting  this  time  periotl,  while  89.7  per  cent 
of  the  .Mongol  fathers,  and  89.0  per  cent  of  the  ct)ntrt)l  fathers  were  in 
this  .same  category. 

1 here  were  also  no  important  differences  in  the  kind  of  construction 
materials  present  in  the  parental  tlwellings  tinring  tliis  period.  Brick, 
stone,  woofl  or  combination  type  tlwellings  were  reportetl  with  similar 
fretiuency. 

II.  Hosj)it(ilization  History 

Since  a separate  evaluation  was  itiatlc  of  ratliation  exposure  ticcurring 
only  in  Baltimore  hospitals,  it  was  essential  to  determine  whether  differ- 
ences existed  in  the  fretiuency  of  hospital  atientlance.  Sixty-one  and  one- 

\\\\  ).(  r(fMt.-,gc  tiistriluitions  ;.rf  o.l.  .,l;,u<|  „„  ,|.e  I.Hsis  ol  total  know,,  positive  or 
i.itgauvc  rts|)oii.scs,  after  ■ I'tikuowns"  have  heen  stihttat  ted. 


Hfiidcnlial  Misi 


Type  of  Residence 


Lifctiiiu*  iTsidence  since  birth 
Lifetime  residence  since  13 
younger 

Not  lifetime  residenc<- 

Total  reported 
Unknown 

Total 


hall  and  r»2.H  per  cent  ol 
Lent  and  ^^0.8  per  cent  * 
reported  that  all  their  hd^ 
five  and  seven  tenths  irer 
trol  mothers  anti  21.0  peri 
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Kcurretl  during  military 


Bei  ause  the  hospital  rt 
ive  of  the  tlata  actiuire^ 
he  reixirting  anti  the  sue 
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j>u;ii  simil.tiiiy  Iwiwtrii  llii‘  M<)iij;<>l  aiul  uinirol  paifiiis  with  ifspol  lo 
ilu-  iiiiiiilx'i  ol  pari'iiis  ri|K>iiini;  tliai  all  ladiatioii  t-xpDsiiro  onimcd  in 
llaliimoif  ln»N|)itals.  lUtaiisc  ol  ihf  ma}>iiiiiuU'  ol  llu-  task,  iliciv  was  no 
imk|Hn(l»ni  siiulv  oi  \fiilua(ion  ol  soiims  oilui  than  tin-  Ikiliiinoif 
hoN|)iials.  and  .ni.dvsis  in  ihi’sr  i asrs  was  ( onfincd  to  iln'  inn-n  ifw  data. 

I\'.  I)i  s(  iililidii  of  Ritiliiiiioii  / v/xi.M/ij’ 

1 In'  hisioiy  ol  iiiadialion  as  snnnnari/ol  Ironi  the  inniAiow  and  nndi 
cal  tec  Olds  isdi\nU-d  into  tin'  lollowini*  i aifj'oi  ics;  11  diagnostic  ladialion 
c'\c  Indin.n  lliioiosc  opy.  L’l  llnoiosc  opic  c'\|«»sntc'.  S)  ladiaiion  lot  ihc  iapy 
and  It  cH c npai ional  coniac  i . 

riic'  nic'dical  ladi.iiion  data  me  hide  the  i-xposnic's  Iniin  contac  t with 
ph\sic  tans  ol  nu  chc  ine  only  and  do  not  inc  hide'  iiiadialion  lioni  dc'iiiisis. 
oihc'i  types  ol  jihysic  tans,  ot  Itoin  use  ol  shoe  hiiini>  appaiains. 

Since  analysis  ol  hospital  tec  ends  was  liinitc'd  to  Ualiimoic'  hospitals,  the 
total  e\i«>snies  tt'|Mnic'd  on  inici\iew  lot  each  kind  ol  taclialion  is  con 
sideiahly  mole,  lot  each  .t;iotil>.  ihan  was  lonncl  in  the  medical  leccncls 
alone.  (Most  ol  the-  total  ladiaiion  e\|)osnie  cHc  tnti'd  at  plates  oihet  than 
the  Ikdiimoic'  hospitals'). 

A,  l)i<iiiii<i\li(  Hudiitliiiu 

\ snmmaiy  ol  the  total  \ lay  exposnte  lot  dias>nosiit  pni|)oses  |)tioi  to 
the  index  case  hiiih  pxthidinj’  llnotosc  c)|)y)  is  shown  in  lahle  \ . 1 he 
data,  as  shown,  iiielnde  the  total  nntnhet  ol  inclividnal  sessions  at  whic  h 
diagnostic  x lays  ueie  taken  tathei  than  the  adnal  nntnhet  ol  x lay  hints 
ex|Misecl:  the  piecise  nnnihet  ol  ex|)osnits  pet  session  was  itnpossihle  lo 
esitmaie  in  a leiiospec  liye  siiidy.  hni  the  total  niimhet  ol  sessions  te 
potted  is  assumed  to  tepreseiii  at  least  one  x lay  him  ex|)osnte.  I lte  nmn 
hei  ol  cHcasions  x tays  wt  if  taken  ptioi  to  the  hiiilt  ol  the  iitdex  c hild  was 
totaled  se|utaiely  Irom  hoih  the  inietyiew  and  hospital  veccncls.  I lteie 
was  a slii>hi  excess  ol  total  ex|Mistnes  lot  the  Monj>ol  moiheis  ic-cittcled  at 
inieivieyv  and  also  imlependenily.  Irom  hospital  vecincls.  Ilowc-yet.  in 
neiihet  case  is  the  dilleteitce  statistically  si^nilic ant  l..'l  and  y- 

.SS  ies|Kc  liyelyV  In  addition,  the  total  di.iiiitostic  ex|M)snie  lot  the  Moiti>ol 
aitd  c ititiiol  laihets  is  pi.it  lit  ally  identic  al  and.  a»ain.  there  is  c lose  a;.>ree 
mem  helwcen  the  inietyiew  attcl  ittedic.il  leturds.  It  shoiild  he  itndetstood. 
as  already  explaiited.  that  only  a |M)tiioit  ol  the  tliai>itostic  tadi.tiiott  exiio 
sure' IK c ttri ftl  .ti  Iktii iittoif  hospitals.  I heteloie.  the  di.i.t>nostii  i.idiaiion 
exposnte  is  c oitsideraltly  lessih.nt  that  te|M)tietl  ott  iitietyiew  attcl  ittnst  he 
c ottsidered  as  a siittilar.  hitl  separate  measme  ol  ex|Misnie. 

rite  total  diatinosiit  ex|K)snre  (exc  hidins;  llnotose opy)  was  Imthet  ana 
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ly/i'(t  attonliii”  to  tlu*  ty|H‘  ol  ilu*  x-iay  |iro( edtirc.  I'lic  rcsiills  ol  |>arc'nial 
t'\|Misiii(‘  Ironi  ali<loiiiiiial  and  or  pclvit  x-rays  arc  shown  in  Tahlc  \'l. 
I licrc  was  a greater  ainonni  ol  aluloininal  and  or  cx|)osiircs  re- 

ported on  inter\iew  lor  lioth  the  mothers  and  the  lathers  ol  Mon>*ols  as 
(onipared  with  control  |)arenis.  Mowe\'er,  the  dillerences  catniot  he  con 
sidered  as  si<>nih(ani  (/’  ^ .10).  Uetanse  analysis  ol  the  total  dia<'nosti( 
exposures  re\ealed  little  dillereiue  hetween  the  cases  and  (ontrols  with 
res  pet  t to  nniltijile  exjiosnre  episodes,  statistical  evaluation  ol  the  re 
mainin)’  types  was  based  on  the  total  ol  one  or  more  exjiosnre  ejii.sodes. 
l ahle  \'ll  summari/es  the  results  ol  eiunneration  til  each  tyjie  til  exjMi- 
siire  with  the  \alne  based  on  the  total  ol  one  or  more  ejiisodes  jirior  to 
the  birth  ol  the  index  thihl.  Where  the  dillereme  was  very  small,  no 
vahie  was  t alc  idated.  llet  an.se  ol  both  the  .st  art  ity  ol  jiositive  results  anti 
the  lailnre  to  teat  h higher  jirtibability  levels,  the  results  in  this  t ate<>ory 
ol  exjiosnre  t annot  be  t onsitleretl  to  be  beyonti  the  limits  til  t haut  e. 

In  all  tases,  the  exposures  weie  .sjireatl  over  a peiiotl  ol  one  tti  L'O  years 
without  any  toiuentiation  in  the  years  immetliately  |irecetlini>  the  birth. 
In  atitlititin.  the  nnmbei  ol  exjiosiires  tentletl  to  increa.se  with  jiarental 
a};e,  but  theif  were  no  major  tlilleientes  between  the  twti  j>ron|is. 

l)ia.<>nostit  x-ray  exjitisnre  lollowini;  the  birth  ol  the  intlex  chiltl  was 
also  stvitlietl.  nsin^  only  die  intevvievv  tlata.  I'liere  was  no  tIilVereiit f in  the 
total  nnmbei  ol  exjMisiire-ejii.sotles  lor  either  mothers  or  lathers.  I'here 
were  also  no  si'^niluant  tlillerent  es  lonntl  when  the  total  exjitisure  Itillovv- 
ini;  the  intlex  t hiltl's  bit  ih  was  broken  tiown  by  intliv  itinal  kintls  ol  x rays. 

Ik  iifiii  /•  v/iti.'ioc 

riie  total  niatern.il  llnorost  tijiit  exjiosiires  rejitirtetl  tin  interv  iew  are 
simiinai  i/etl  in  I able  X'lll  anti  tabniatetl  at  t iirtlini;  to  the  number  ol  ses- 
sions :'ntl  inatein.d  .iy;e  .it  the  time  ol  birth  ol  the  t hiltl:  17.7  jier  tt'iu  ol 
the  Moni;ol  iiiotheis  hail  one  or  mine  llnorost  iijiii  examinations  jirior  to 
birth  til  the  intlex  lase.  .is  ioniji,nefl  to  only  M.|  jier  it'iit  ol  the  iiinirols. 
This  ililieieiiie  is  si;,;inhi  ani  ai  less  ih.in  the  I jier  l eiii  level  (y- 
.'I.L’.X,  /’  .01).  As  exjieileil.  the  nninber  ol  exjKisiires  iiii  ieaseil  w ith  ail 

v.iiiiint;  niaieinal  .ii'e.  However,  even  lhon<>h  ihe  inolhers  were  inaicheil 
lor  ni.ilein.il  .i^e.  jh'i  leiii  ol  ihe  Mon.i;ol  inolhers  rejMiriinj;  Ihioros 
lojiv  vvtne  ovei  Ik'i  ve.iis  ,ii  die  lime  ol  die  i .ise  birth,  as  i <iinji.ireil  lo  l.'kS 
JH'I  I eni  ol  die  i oniiol  nioiheis. 

I he  ImhIv  .ne.i  exjioseil  ihiiini;  Ihioiovojiv  as  lelaieil  bv  the  inolhers  is 
shown  in  I .ible  l\.  Ihe  l.ii^ei  .niioiini  ol  llnorost  njiv  in  die  Mon<;ol 
moiheis  lesiilis  lioiii  die  loiiibiiieil  iiit  lease  ol  ihest.  alHloniinal  anti 
'oihci  ivjK's  " ol  exjMisiiie.  I he  niiiniH'r  ol  Mongol  inolhers  rejMn'iinj;  ex- 
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lletaii.se  only  a stiiall  aiiiottttt  of  tlte  total  radiatioti  ex|)t)siire  txTitnetl 
ill  the  Ifaliiiiiore  hospitals  (the  majority  from  |)rivate  physicians  anil  other 
stinrees).  the  nnmher  of  ihioroseo|)ie  epi.soiies  in  these  hospitals  was  very 
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small,  and  not  amcnal)k'  in  siaiistical  analysis.  Ilowcsci.  ihc  discovciv  ol 
the  small  nnmher  ol  exposures  alter' sean  liin^  the  hospital  letords  was 
rtiiluation  lot  ihesniiill  nnmherot  Ikiltimote  hospital  exposures  reported 
hy  the  mothers  on  inter\ieu.  From  med'i.  al  records,  there  were  reports  ol 
oidy  one  .Mongol  and  three  tomrol  moriiers  with  a historv  ol  hona  hde 
tlnoroseopy  prior  to  birth  ol  the  index  case.  Fherelore.  most  ol  the  excess 
of  lluoroscc)|)y  in  the  .Mongol  mothers  can  he  atirihnted  to  sources  other 
than  the  Baltimore  hospitals.  In  t'onirast.  the  control  mothers  leporied 
more  llnoroscopic  inoc  c-tlnres  lollowin-;  the  birth  ol  the  index  c hilci  than 
the  .Monool  mothers.  However  the  dillerence  was  not  statistically  si^nili- 
cant  = L'.hl. /'  > .|()|. 

I he  llnorosco|)ic-  history  ol  case  and  control  lathers,  both  pi  lot  to  and 
altei  the  hirth  ol  the  index  child,  was  sirikin<>ly  siniilai.  On  inieixiew. 
7.!l  per  cent  and  M.M  pi-,  cent  ol  the  Monool  lathers  re|H.rtecl  chest  and 
ahdominal  llnoroscopic  piocc'clnres  respectively,  while  7.M  |hi  cent  and  7.!) 
per  cent  ol  the  control  lathers  re|)ortecl  chest  and  ahclotninal  ex|)osnres 
helore  the  hirth  ol  the  index  case.  1 he  ntimher  ol  ex|M.snres  lor  lathers 
found  on  medical  records  lor  the  same  titne  period  was  also  veiy  small  and 
not  sionificant. 

C.  Tln’ial>riilic  Radia/ion 

The  data  on  maternal  and  paternal  therapeutic  racliatioti  expostire  are 
presented  in  Fable  \.  Ol  the  mothers  of  Mont.ols.  11. .a  per  cent  te|H.rted 
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Dili- <>i  iiKiK.' ilu-ia|H'uti(  f\|MiMiu-s  .IS  I Dm|i.iu-(1  Id  only  .'i,  I |h-i  i cm  oi  ila- 
cdiiiidI  iiiDtIicis  a lliicc  IdIcI  iiuicasc.  Nd  dillcuiK  cs  wcic  iidiccI  Idi  ihc 
lallicis.  riic  iiuicascil  .\Idiii;d1  m.iiciii.il  c\|)omiic  (Diisliiiiics  a lii^hly 
•ii^liilu am  (tittciciKc  ly-  lU.'il.  I'  < .(lli.  Ihc  iiiajDi  |)diiidii  dI  this 
(littciciuc  is  (Diiiiihmcil  hs  ilic  lai'^c  immlxi  dI  c\|>dsiiics  id  iIic  skin 
ic|)Dilc(l  l)v  llic  Mdih'dI  iiidiIicis:  S H jn  i cm  dI  ihc  Mdii^dI  iiidiIk  is  ic- 
(ci\c<l  skill  iiiadiaiiDii  and  diiK  L'.:!  jh-i  iciii  dI  iIic  idiiiidIs  a dillciciuc 
that  is  alsD  si<4iii(i(  .ml  (y-  =;  S.lil.  /'  < .1)1,  (X  ihc  Ih  .Mdii''dI  iiiDihcrs 
mIid  rcicivcd  skin  ihi'i.i|iv.  six  ucic  iii.idi.iicd  hn  ai  iic,  iwd  Idi  ci/cnia, 
live  Idi'  v.iiions  Dihci  skin  iDiidiiiDns.  .nid  six  Idi  nns|>c(  died  disc.iscs. 
.\cilhci  atllc  iiDi  Cl /cilia  wcic  ic|)Dilcd  as  .1  ic.isdii  Idi  skin  iiiadialiDii  hv 
the  idiiiidI  iiiDihi'is.  I heic  well-  .iIsd  six  idiiiidI  iiidiIicis  wIid  did  iidI 
s|K-i  ily  the  kind  dI  dise.isc  Idi  w hn  h 1 lies  vveic  11  ladialed. 

.\d  imjHiiiam  ddlcicincs  wcic  iDiind  in  the  lime  iclatiDnshi|i  dI  die 
ex|)Dsiiie  Id  the  hiiih  dI  ihc  index  ihdd:  iiidsI  dI  the  skin  iiiadiaiiDii  to 
the  MiiimDl  iiiDihcis  INI  lined  iimic  ihali  ci”hl  vc.ils  hchiic  the  hiilli  ol 
the  ( hild. 

I he  nninhei  dI  lh<'i.i|M'm  11  iX|Nisnics  listed  in  the  mediial  leiDids 
were  exireiiielv  levv  and  wi-ic  n it  iisclnl  Idi  analysis. 

I he  MdiiudI  iiiDiheis  wcie  .dsn  liiiind  Id  have  a sli"hl.  hm  iidi  si^nili- 
cant  exicssnl  theia|>cmi(  cx|)Dsnies  lnllDwin^  the  hiitli  dI  iheihild.  Mie 
laiheis  a”ain  lailed  Id  uveal  sinnduam  dilleieiues  hn  therapcmii  exjio- 
snre, 

1).  ()(<  nfmlioiial  /■.xliinmr 

I he  (K ( iipatiDiial  histoiies  dI  the  paieiiis  were  si  rmini/ed  hn  indica- 
liinis  dI  jMissihle  e\|)Dsnre  Id  ladiatiDii  or  nther  ener<>v  sDiiries.  Si-ven  and 
nine  tent  hs  [H’l  i em  dI  the  .\lDn';Dl  nun  hei  s and  .'k.'l  jier  i em  dI  i he  i diii  i dI 
iiiDthers  winked  in  a piDlessiDiial  in  leihniial  lapaiitv  in  mediial  lields. 
I Insdifferenie  is  sii-nilii  am  at  the. a percent  level.  .\Idii<-dI  iiiDiheis  imiii 
heriii”  MJ. } |k-i  cent  were  em|)lDyed  hn  iiiDie  lhan  one  vear  in  medical 
Ik  Ids.  Ki“hi  .MdiiiidI  iiiinhers  and  three  i iinirDl  iiiDihers  "av  e acinal  his- 
tDiies  dI  x-iay  and  nr  llinnDsi  D|>ii  ex|)Dsiires  in  all  tvpes  dI  iki  iipaliDiis 
prim  ti)  the  index  i hild. 

I Ik  ex|K-iienie  dI  the  lathers  prim  to  the  index  case  in  varimis  iki  npa- 
timis  was  very  similai.  except  hir  an  excess  iil  niilitarv  service  hn-  the 
fathers  dI  chililren  with  Mmi<>Dlism.  I here  were  only  Imir  lathers  lioiii 
each  j-rmip  wIid  had  U-en  invDhed  in  piiilessimial  m technical  wmk  in 
the  mediial  fields  prim  id  the  c hild. 

Ikiansc  dI  extensive  liistDry  dI  paternal  invDiveinetit  in  the  armed 
services,  an  analysis  ..f  military  experience  was  carried  mit.  I his  revealc-cl 
that  h.'kl  |K-rc  ent  of  the  MdiiodI  lathers  as  i Dinpared  ti.  .'.(kr)  |Rrc  em  dI  the 


cDiitiDl  lathers  had  seivic^ 
child;  the  dillerencc  is  nc| 
|,er  cent  <>1  the  .Mdii'-dI  latW 
in  military  service  within  G 
child.  Only  two  .Mmij-Dl  aii 
in<>  the  cDtiieptioti  ol  the 


fathers  and  lOd  cmitiDl  f^ 


til  the  con 


nvo  |>iu>i  - ' 

cre.ased  hut  tun  statist icall 


Army  ihiiiii”  this  military 


1 here  were  im  imiiDrta 


radiatimi  expnsttres  Im  thi 
As  an  addiiimial  sDnr<| 
nature,  a htstnry  nl  ladar 


c antly  inc  reased  ainmint  0 
lathers.  F.iuhteeti.  nr  H.7  W 


atid  seveti.  m .‘h.'l  jier  cel 
cDmact  with  v;»dar  hnth  it 
^ .02).  The  tnilitary  racU 
radar  techtiiciati  m radal 


sure  itt  the  MDti<>Dl  latf^ 
niilitarv  service. 
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snmmary  tahiilatioin 
pentic  and  IIudidsc npiej 
parents  with  delinite 


parents  with  delinite  ye^ 
cent  1)1  the  MDn»Dl  moth 
per  cent  nl  the  cDHtrol  d 
/>  < .0.")).  Hiisintal  recorj 
iidI  IiiDthers  had  iiii  raclij 
the  contiDl  mmhers  (x'  ^ 
inc  reased  exiiDsiiie  of  tl 
mainly  a result  nl  Ihiora 
o'dI  mmhers  and  mily  t\3 
or  more  each  nl  diagin 
clitlereiice  which  is  sig 
ol  hospital  radiation  etq 
IhioroscDpic  or  thera|)0 
ammint  of  cliasnostic  e| 
not  statistically  sii>nifit:i 
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III  llic  |>icscni  siiiiU.  .niciii|iis  wcic  iii.idc  in  cininn.nc  ni  (nininl  ilinsc 
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Ini  I li  .111(1  iii.ilci  n.d  .i”c  .n  l line  nl  liii  ill  nl  die  ( Inid.  ( )n  iiilci \ icw  .in  nli 
|C(  1 1\ c (|ncsi inline.;  |>iixc(lnic  iv.is  used  widi  ci|ii.il  cni|ili.isis  nn  c.K  li  sili 
liiii;  .111(1  |iic!;n.nKV  in  c.K  li  l.niiilv. 
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tlif  possibility  that  any  "ic-alcr  radiation  cxposim-  in  tin-  inotlieis  ol  Mon- 
}>ols  nn»lit  he-  a Iniution  ol  a j'ltatfi  nninbii  ol  ytais  at  lisk  lor  ilicse 
motlifis  as  (oinpaicd  to  the  inotlii'is  ol  the  (otitrols.  1 he  ahsente  ol  any 
si^nili(  ant  patei  tial  af>e  ellet  t iti  Mongolism,  as  shown  |)ie\  ionsly,  made  it 
ntineeessary  to  (()iie<t  lot  pateitial  a”e  iti  e\alnatin^  the  data  on  the 
lather  (L'H). 

A striking  similarity  hetweeti  the  patents  ol  Mongols  atid  ol  (ontrols 
deitiotistiated  trom  the  study  ol  sereral  other  variables  letids  Inrthei  em- 
phasis to  the  observed  radiation  diHeretues.  Siiu  e both  groups  ol  |)arents 
s|)ent  very  similar  amounts  ol  time  in  Baltimore,  and  other  ^eo^rajihii al 
areas,  prior  to  the  birth  ol  the  index  rhild,  ditlereiues  in  jiroximity  to 
itistittttiotis  where  radiation  was  easily  accessible,  could  tiot  account  lor 
the  ob.servatiotis.  In  addition,  the  ntiilortnity  ol  residential  history  tended 
to  eliminate  other  IcKal  environmetital  lactors,  iiulndin^  background 
radiatioti,  Irom  havin»  an  itnportatit  role  in  the  etiolooy  ol  this  conditioti. 

.Moreover,  the  dose  a>>reetnent  between  the  parents  ol  both  groups  re- 
.<>ardin»;  the  number  ol  Baltimore  hospitalizations  re|)ortecl,  tended  to  ex- 
clude the  bia.sed  recollection  ol  serious  illnesses  as  an  explanatioti  lor  dil- 
lerences  iti  radiatioti  ex|)osttre  in  this  study. 

By  lar  the  best  measure  ol  the  ac  t ttrac  y ol  the  interv  iew  data  and  the 
absence  ol  any  si^tiilicatit  retrospective  bias  trom  the  .Mongol  jiarents 
clearly  catne  Irom  the  actual  verilicatioti  ol  the  hc>s|)itali/ation  history. 
I here  were  no  signilicatit  diHeretues  between  the  .Mongol  and  control 
parents  with  respec  t to  either  the  over  or  nnder-re|)ortitig  ol  hospitali/a- 
tiotis.  In  lact.  the  Mongol  jiaretits  foif'ol  to  rejrort  more  hos|)italizations 
that  had  actually  ckc  nrretl  than  did  the  cotitrols.  F.veti  iti  the  older  age 
groups,  there  was  tio  memory  advantage  demonstrated  for  the  parents  ol 
.Mongols,  inrther  eliminating  atiy  differences  it)  recall,  as  is  sometimes  sug- 
gested as  a source  of  bias  in  interview  stitches, 

finally,  there  was  no  evidence  ol  an  increased  willingness  ol  the  parents 
of  the  .Mongols  to  coo|)erate  in  the  study  since  the  refusal  rates  were  very 
similar  in  both  groups,  W hen  a relnsal  did  cKcnr,  the  inatched  case  or  con- 
trol was  always  eliminated. 

From  this  preliminary  examination  to  ascertain  the  validity  of  the  col- 
lected data  and  evaluate  any  possible  bias,  it  therefore  seems  reasonable 
to  asstime  that  whatever  rclationshi|)s  arc  observed  in  this  ca.se-control 
study  would  not  result  trom  any  artilact  introduced  through  the  sources, 
selection,  completeness  or  mode  of  collection  of  the  data. 

The  tabulated  results  already  described  in  detail,  clearly  indicate  that 
the  mothers  of  Mongoloid  children  received  significantly  more  radiation 
(in  particular,  fluoroscopy  and  therapentic  radiation)  than  the  mothers  of 
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the  control  children.  In  lac 
or  more  diagnostic,  llnorosi 
gols  had  seven  limes  as  i 
mothers.  Fliis  highly  sigi 
exiiosnre  |)rior  to  the  indt 
over,  signilic antly  lewer  r 
lailed  to  receive  any  radiat 
Bec  ause  the  ac  iiial  date 
parents  were  cpiestioned 
|)eriotl  "iirior  to  the  hirth 
little  radiation  exposure 
jirac  tic  ally  no  ex|)osnre  dc 

File  observation  that  tl 
ov  er  many  years  prior  to  tl 
cone  eiiiing  cmtmlative  ra< 
in  the  male,  the  lull  compi 
from  the  time  of  birth,  t 
from  the  same  or  dillerent 
golistn  with  advanced  mat 
tion  etVec  i. 

.Most  noteworthy  is  tlx 
the  mothers  ol  Mongols 
])«  ted  to  provide  large  d< 
a description  of  the  tyjje 
dosages  within  wide  ran] 
exposure  demonstrated  I 
was  no.  statistically  signi 
scopic  and  therapentic  sC 
scopic  sessions  was  re|)ort 
the  abdomen  and  chest  i 
each  exposure  was  imiios 
llnoroscc)|)ic  procedures  f 
nsefni  lor  coniiiarison. 

'Fherapeuiic  radiation 
for  the  greater  exiiosnre 
years  prior  to  the  index  ( 
logic  conditions  c ontribu 
mothers  ol  Mongols  and 
etry  was  available,  it  ii 
cially  from  sources  used  i 
over  much  ol  the  bod) 
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Ol  adtliiional  iiiiticM  was  ilii-  ohsirvaiion  ihai  sif’iiituamly  iiiou 
DKitlicrs  ol  Moii<>ols  wcu*  iMiiployed  in  prolessional  or  icdiniiai  o!(  iipa 
lions  in  thf  ini-diial  (icld  |)rioi  to  tlic  binli  ol  ilic  index  < liild.  Alilion”li 
no  "leaiei  radiaiion  ex|)osnre  was  reporied  by  ibese  inotbevs,  ibe  |)ossi 
biliiy  ol  inap|>aieni  or  aic  idental  ex|)osnre  is  likely. 

The  radiation  bislory  ol  the  laibers  ol  llie  Mongols  |)ro\ides  a marked 
(ontrasi  lo  that  ol  the  inotbers.  There  was  strikin'’  similaiiiy  and  in  some 
(ases  almost  identical  medical  radiation  exposure  lepoiled  by  the  lathers 
ol  Mon<>ols  and  ol  the  controls.  Only  minor  dilferetices  were  repotted  lor 
dia<’iiostic , tlnoroscopie  and  iherapeniic  ex|)o.snres.  l".xc  e|)i  lor  more  racial 
exposure  to  the  lathers  ol  Monools  alon<>  with  more  militaiy  servic  e where 
this  ex|)osnre  ckc  lined,  there  was  no  evidence  lor  any  asscH  iation  between 
paternal  irradiation  and  Monoolism.  Moreover  there  was  no  indication  ol 
any  inc  reasecl  exposure  ol  the  lathers  ol  .Monools  in  the  period  around  the 
time  of  conception  of  the  abnormal  c hild.  I his  similarity  ol  the  radiation 
exposure  of  fathers  of  .Mongols  and  of  controls  is  also  consistent  with  the 
failure  to  demonstrate  a correlation  between  .Mon»olisni  and  paternal  aoe 
and  |)ro\icles  additional  evidence  aoainsi  the  presence  ol  any  bias  in  re 
poriinj,>  of  retrospective  data  in  this  study  (28). 

Tver  since  the  discovery  and  confirmation  of  the  existence  of  a c hiomo 
somal  ahiiormality  in  .Vfoiif’olism  (2fl-.‘I.S)  it  has  been  c lear  that  whatetei 
environmental  agents  may  lead  to  that  chromosomal  defect  must  act  on 
parental  germ  cells  prior  to  conception  or,  in  rare  cases,  on  zygotes  not 
later  than  .several  days  after  fertilization. 

It  is  well  established  on  the  basis  ol  evicletice  in  experimetital  orgatiisms 
that  radiation  cati  catise  tion-disjiiiic tion  (l-.'i.  as  well  as  chromo- 

somal breaks  leading  to  rarions  types  of  aberrations  (.'{8-12).  In  etery 
plant  atid  anitnal  species  adecpiately  investigated,  ionizing  radiation  has 
proven  to  be  mutagenic  triih  no  knc>wn  threshold  dose  in  sindies  that  hate 
carried  the  total  dosage  down  to  Ft  r (.'{8-4(1), 

While  there  are  no  direc  t experimental  data  relating  either  spec  ihcally 
to  the  radiosensitivity  of  human  female  germ  cells  in  the  dictyotetie  stage 
or  specifically  to  non-disjimctional  events  in  human  lemales.  there  now 
exists  not  only  substantial  sti|)port  Irom  a wide  ratige  ol  other  orgatiisttis. 
but  also  a growing  body  ol  data  from  mamtiials  concerning  the  sarioiis 
types  of  damage  to  germ  cells  (.'{7,  ,').'{-f)2).  Rapidly  accunuilating  data  have 
also  demonstrated  c hroino.somal  aberrations  in  the  somatic  c ells  ol  htitnatis 
following  exposure  to  ionizing  radiation.  Tough  r/  nl.  {(])  reported  a 20 
percctit  iturease  in  the  tiiitiiber  ol  circnlatitig  leukocytes  with  47  chromo- 
somes 24  hours  after  x-ray  treatnietit  of  a patietit  with  atikylositig  s|)ondy- 
lifis.  .Similarly,  extettsive  observations  by  Uuckton  i-l  al.  (7)  oti  blood 
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tiiliiiK’N  tioin  .'•M  wiili  aiikylnsitii;  spoiuiyliiis  (rcatfil  witli  niii' 

(niiiM*  X lay  ilu'iapy  to  the  spine  sliowcd  clMoiiiosoiual  <iattiaj^e  with 
peisisti  tK  f ol  sotiie  ahtiotttialitics  itp  to  L’h  years  alter  irracliatioti.  I tinher 
iiioie  the  lietpieiKy  ol  the  ( hioiiiosotiial  ahiioi tiialities  iiu  reased  si<>iiih- 
.aiitiv  iti  subjects  iiradiateil  at  a,ne  ;tr)  or  oxer.  Iletider  atid  (hxKh  (H)  re- 
potted I hroitiosoiiial  ahtiorttialities  present  in  a stnall  y-ioiip  ol  tneti  alter 
they  wftt'  itiadiated  xxitli  <;atiniia  atid  lissioii  neittroti  iriadiaiioti. 

( Inottiosotnal  ahettatiotis  hate  heeti  teported  lollowiti;^  lowei  dosa<^e 
diay;tiosti(  ladiatioti.  .Stewait  atid  Sanderson  (!))  and  Conen  e/  «/.  (Id)  de 
viihed  the  appeaiaiKc  ol  < iniiinosonial  delec  ts  in  snhjec  is  exposed  to  as 
little  as  d.H  tads.  Illooni  and  I jio  (III  sindied  the  pic-  and  posl-ahdoniinal 
Ihiotosc  c»py.  Ol  Ihioicisc  opy  with  cardiac  c alheiei  i/ai ion  and  ic-poi  ic-cl  ahc-i 
I at  ions  in  c-ac  h ol  ti\  c-  |)aiients  c-xposc-d  to  hei  wc-c-n  1 2 and  .'i')  r lollowin<4  ah- 
doininal  Ihiorosc opv. 

It  is  ihc-ielorc-  not  only  likc-ly  lint  piohahle  that  c hicdiiosoinal  ahnoi 
malities  occin  in  hiniian  nc-iininal  lissne  ex|)osc-cl  to  ihc-ra|)c-iii ic  and 
diagnostic  Ic-sels  ol  ladiaiion.  On  the  basis  ol  known  paiieiiis  ol  hnnian 
”.iinetoytenesis,  the  ladiosensiiix  iiy  ol  hninan  lissnes.  and  the-  j^eiteiic  el- 
Ic-c  is  ol  ladiaiion  in  expel  iineiital  animals  iht-rc-  appeals  to  he-  icinai kahlc- 
c oiisisienc  y hc-twe-en  the  lmdini;s  ol  this  sindv  and  what  mi!;hi  he  c-x- 
pc-c  ted  hiolo*j,ic  ally. 

Inc  ic-asecI  ladiosensitis  ity  may  also  c cinii  ihnte  to  the  maiei  iial  aye-  c-l 
Ic-ci.  I•  \idc-ncc-  liom  c-x|)c-i  imc-nial  ori>anisms  indicates  that  with  inc  ic-asin<; 
a<-e  ihc-ic-  is  inc  ic-ased  sttsc  epiihility  to  c hicmiosomal  damage  Iroin  radia- 
tion and  oihc-i  a'^c-nis  (.'id,  .'IS,  I-ac-ii  more  important  have  hec-n  Rns 
sc-ll's  ic-e  c-ni  ohsc-iA  at  ions  ol  ai-c-  assoc  iaic-d  inc  ic-ased  ladiosensitis  it  v ol 
ooc  yie-s  in  leinalc-  mammals  (tilk 

I'inallv.  the-  only  iiiily  pn//lin<>  assoc  i.iiion  is  the  snt;<>c-Mc-cl  ic-laiionship 
heltcc-c-n  Momtolism  and  paic-iiial  laclar  c-yposnic-.  Recent  sindic-s  ha\e 
ic-\ealecl  that  ladai.  a loiiii  ol  miciowatt-  c-nt'tj’y.  can  cause-  tissue  ctama)>c- 
in  linmaiisand  lahoiaioiy  animals  (fil.  (iti).  In  addiiion.  inic  iowate  ladia 
lion  has  hc-c-ii  ic-poi  ic-d  to  hate- a clc-leic-i  ions  c-llc-c  I on  rat  testis  ((i7). 

rite  incic-asc-cl  taclai  c-xposnic-  ol  laihc-rs  ol  Mongols  as  i'om|)aic-d  with 
controls  laisc-s  the  cpic-siion  as  to  whether  ioni/in<;  racliaiion.  in  addiiion 
to  the-  knotyn  hc-aiin,n  c-llc-cl,  may  he-  intoheci  in  laclai  operations.  .Since. 
hot\c-\er.  no  <>ic-aic-i  c-xposnic-  to  mc-dical  ladiaiion  was  ohsc-rtc-d  amon<> 
laihe-is  ol  Mon!>ols  as  compait-d  to  laihe-rs  ol  eoniictls.  racial,  imclc-r  spc-c  ial 
c ire  iimsianc  c-s.  miisi  iinohe  some  nnicpic-  and  |Miic-ni  etlc-c  i that  oxei- 
conic-s  the  male-  adtania^c-  of  cciniinnoiis  s|h'i inatoi>enc-sis.  One  can  only 
spc-c  iilale  c cine c-i iiiii);  po.ssihle  mc-c  hanisms.  hni  the  asscM  iaiion  heiwec-n 
MoiijL’olism  and  radar  c-xposnre  dc-sc-itc-s  liiriher  intc-siii>aiion. 
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I Ilf  acknowlfdsfd  assiK  iaiioii  ol  Moiij-olisni  and  Ifiikciiiia  (lli-l  and 
radiation  and  Ifiikeinia  (15-21)  is  additional  fvidfiitf  (onsisifiit  uiili  the 
liy|>othfsis  that  radiation  is  ol  ftiolo<*i(al  itn|>ortaiUf  in  Moti<>olisni. 

1 Ilf  (oiulusioti  dfiivfd  Irotn  tlif  piTsfin  study  is  that  MoiiooliMii  is 
statistually  assin  iatfd  with  niatfrtial  radiation.  1 hf  likflihood  that 
thf  radiation  assiHiation  is  a tansal  rflatioti.shi|)  is  c onsidftahly  fii- 
hatufd  by  the  ftidfiiif — fxpftitiifiital  atitl  othfi  kitids—whidi  has 
alffady  hffti  rfs  ifwfd.  In  addition  (otnparisons  of  sfsfial  othfi  t har- 
aftfiistifs,  iiulndinu  nifdital  and  stirj'ital  historifs,  ol  thf  inothfis  ol 
Mongols  and  rontrols  did  not  ifVfal  any  dillfifiufs,  fxtfjit  lor  a hif^hfi 
fiftnifiity  of  divorff  ainono  Mongol  niothfis.  riifsf  additional  ifsnlts 
will  ht  rf|)ortfd  in  dftail  latft.  It  should  thfrfloif  hf  fini)hasi/fd  that  al- 
though a cansal  intfi'iiiftation  dofs  not  iiifan  that  radiation  iniisi  hf  iin 
plitatfd  in  ercry  ta.sc,  thf  tfsttlts  do  stt^f^fst  that  cfitain  physital  ftifr)>y 
sonrcfs.  siuh  as  ionizino  radiation,  art  involvfd  in  the  pathof>tnfsis  of 
soiiif  t a.sfs  of  Mon»olisni. 


SIM.MARS 

•Vs  part  of  an  fpidfniiolo<.i(  study  in  Baltimoif  .Maryland,  a |)0|)nlation 
of  iiartnts  of  both  Mon<>oloid  and  control  (hildrcn  was  fvalttatfd  for 
fxpostiic  to  varions  types  of  ionizino  ratliation.  (’tilizin«  intfrview  tech 
nitpif  and  niedital  record  analysis,  the  stndy  detnonstrated  a statistical 
association  hetween  niatfrnal  radiation  fX|)osnrf  and  Monoolisin.  I he 
mothers  of  the  Monooloid  children  were  lotnifl  to  have  a sij,mifi(antly 
tnereased  exposure  to  both  llnorost oph  and  thfra|)entu  irradiation  |)riot 
to  the  birth  of  the  index  child. 

In  contrast,  there  were  no  sionilicant  ditterences  in  ionizino  radiation 
exposnre  fottnd  in  the  fathers  of  the  .Mongol  and  tonirol  children.  How- 
ever. a stn  |)rtsing  increase  in  radar  ex|)o,snre  was  dist  overed  in  a si}>tiilicant 
number  of  fathers  of  the  Mongol  cases. 

I hese  results  snoofst  that  maternal  ionizinj-  radiation  exjiosnre  may  be 
one  etiolooical  factor  responsible  lor  some  cases  of  Monoolisni.  It  is  em- 
phasized, however,  that  ioniziiif.  radiation  may  be  only  one  of  several 
important  factors  in  the  paihooenesis  of  the  condition. 
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Reproductive  and  marital  experience  of  parents 
of  children  with  Downes  syndrome  (mongolism) 

epidemiologic  study  of  the  parents  and  siblings  of  216  children  with  Down’s 
syndrome  and  of  216  control  children  matched  on  the  basis  of  maternal  age  at  the  time 
of  the  child’s  birth  demonstrated  no  differences  in  the  frequencies  of  abortions,  stillbirths, 
or  congenital  abnormalities,  nor  did  the  siblings  of  the  children  with  Down’s  syndrome 
hat  e a higher  frequency  of  deaths  from  acquired  causes  than  did  the  siblings  of  the 
controls.  Mothers  in  the  two  groups  were  similar  in  fertility  and  there  were  no  differences 
in  their  menstrual  histories.  A significantly  higher  frequency  of  multiple  marriages  prior 
to  the  birth  of  the  index  child  was  observed  in  the  mothers  of  the  affected  children. 

Some  possible  interpretations  of  these  observations  are  discussed. 
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Recent  cytogenetic  observations  stimu- 
lated an  epidemiologic  study  of  the  possible 
relationships  between  certain  factors  postu- 
lated to  cause  chromosomal  aberrations  and 
the  occurrence  of  clinically  diagnosed  Down’s 
syndrome.  Among  the  factors  studied  were 
parental  radiation  exposure,  reproductive 
patterns,  and  marital  history.  The  observa- 
tions in  respect  to  radiation  exposure  and 
parental  age  have  been  published  in  de- 
tail.'•  * Briefly,  the  mothers  of  children  with 
Down’s  syndrome  had  a history  of  signifi- 
cantly increased  exposure  to  fluoroscopic  and 
therapeutic  radiation  prior  to  the  birth  of 
the  child  with  Down’s  syndrome.  No  signifi- 
cant difiPerence  in  the  radiation  exposure  of 
the  fathers  was  observed.  A surprisingly  high 
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the  n.mies  of  I'Jl  chiUiren  with  .i  di.mnosis 
ol  nioiieohsiii.  l or  the  p.oenis  to  he  elluihle 
lor  interview,  the  child  imist  have  heeii  C'.ni- 
c.vsian  .mil  Uirti  in  ure.iter  If.dtiniore  .liter 
|.in  1.  Idlli,  .Old  hefore  Oct.  I. 

.\fter  eliniin.ilini;  those  who  ditl  not  meet 
these  iei|iiirements,  288  childreti  with  Dowti's 
svndrome  weie  av.iilahle  for  stmiv.  I'liose 
elimin.iled  either  could  not  he  livated  in  the 
i itv  ilirectorv,  weie  not  Uirti  in  Ualtiiiiore. 
were  not  t 2nicasi.in.  or  were  loo  olii. 

Uiith  ceililicates  of  ilie  chililreii  with 
Downs  sviuliome  were  Imaletl.  lo  .iscertaiii 
control  snhjects  the  hiitli  certilicale  of  e.ich 
"case  " was  svstematic.illv  m.ilcheil  with  an- 
other hitth  cerliliiate  on  the  basis  of:  (1' 
hospital  of  hirih  lor  hirth  at  home'.  (2'  se\. 
(!!'  ilale  of  hirth.  and  (-D  maternal  ai^e  at 
the  time  of  hirth  of  the  child.  .-Ml  "casi's  " were 
ni.itched  with  controls  of  identic.il  sex.  race, 
ami  place  of  hirth.  In  81.7  per  cent  of  the 
matched  families,  the  hirth  il.ites  of  the  chil- 
ilren  .mil  aijes  of  tliei’-  respective  mothers 
were  the  same.  I'he  tiiivti  ai;e  for  the  moth- 
ers of  the  children  with  Down's  sviidromi' 
was  22.6  years  anil  for  the  control  mothers 
w.is  22..'i  years. 

K.ach  eliitihle  chilil  re]Mirteil  to  have 
Down's  svnilrome  was  examined  hy  the  senior 


.inihor  .\.  I S . When  the  index  iliild  w.is 
ileie.iseil.  conlii Illation  ol  the  di.mnosis  was 
h.ised  on  d.il.i  in  medic. il  .mil  hospil.il  rec- 
oids.-  Of  the  288  childien.  '•  who  were  de- 
I e.ised  or  nn.iv .lil.ihle  weie  eliniin.ileil  Ix'- 
c.iiise  their  niedic.il  lecoids  did  not  list  the 
leipiiied  niniiher  ol  sieiis  to  coiilirm  the  di- 
.eanosis.  .\nolher  nine  weie  lejected  .liter 
peison.il  ex.iminatioiis  hec.inse  ol  nee.itive 
or  ei|mvoi.il  di.mnosis.  In  .uldilion  lo  those 
18  lejected  on  the  h.isis  ol  di.mnosis.  .a  1 
mole  weie  elimin.iled  lor  the  lollowinu  le.i- 
sons : 

I'.ilt'llls  el  imMliteleid  i hilil  leillsed 

lo  i oopet.lli’  I > 

U.neiils  ol  I oiiliol  i hilil  relused  lo 

coopei.ne  Jl' 

I ii.ihle  to  loi  .lie  t.iiiiih  ol  monuoloiil 

ihild  la 

I’.io'iiis  ol  iiioimoloid  ( liilil  weie  im.ihli' 

lo  i;ivi’  .ideqii.ile  iiilerview  2 

rims  ol  the  oriyin.il  288  c.ises  availahle 
lor  study.  72  were  elimiii.ileil.  leav  iim  216 
.iccepled  for  sliiilv.  In  every  instance  in 
which  a f.itnilv  refnseil  to  cooperate,  the  cor- 
res|M>ndiny:  m.ilcheil  control  was  also  elini- 
in.iled. 

riie  inlerv  iew  iim  ol  case  and  ol  conliol 
families  was  perlornied  hy  live  w ell-ipi.ililieil 
women  anil  in  special  instances  In  a phv- 
sici.vn.  1 he  appro.ich  lo  the  t.niiilies  with  .in 
.ill'ected  child  and  lo  the  f.imilies  ol  the 
controls  was  nniloriii.  l lie  iiilei-v  iewers  were 
not  iiilornied  as  to  which  l.imilv  h.id  the 
ahiiorni.il  inilex  chilil ; recognition  of  the 
f.imilv  of  the  chilli  with  Down's  svndrome 
was  not  nsnallv  ni.ide  nntil  the  actual  inler- 
V iew  was  comincleii.  Cfhslelric.il  hospil.il 
recorils  as  well  as  hirth  ceililicates  on  .ill 
preyn. nicies  were  checked  lor  tnisc.iri  i.iyes. 
stillhirlhs.  and  the  presence  ol  other  conyen- 
il.il  ahnorm.ililies. 

RKSl'I.TS 

Rrprixluelivc  history.  I'lie  lifeliitie  repro- 
ductive hisioiv  of  the  niolhers  ol  the  chil- 
dren with  Down's  sviulixnne  and  ol  the  con- 
trols is  snnim.iri/ed  in  I'ahle  1.  There  is  a 
strikini;  siniilarilv  Ix’lween  the  two  ymnps 
with  res|x-cl  lo  ferlililv  ex|x'rience  and  pn'y- 
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iiam  y waslam*.  1 hcrt*  wt-rc  no  sigiiilicaiit  ilif- 
iVrtMUfS  in  llu-  nuinbcr  of  i)ivi>naiu  ics,  abor- 
tions, or  slillbirtlis  oitlior  tK-tori'  or  alter  the 
birtb  of  tlie  inilex  rliilil.  I’rior  to  the  birth 
of  the  iiuli-x  (hiUl,  1.7  [HT  rent  of  tlic  prci;- 
nancifs  of  tiu-  inotliers  of  the  Down's  uroup 
and  2..’)  |«’r  (•<'nt  of  the  inotlicrs  of  llic  con- 
trol i>rou|)  ended  in  stillbiilli,  wbeieas  14,2 
|H’r  Cent  of  the  |>re<>nancies  of  the  niotliers 
of  the  Down's  ( hildren  ended  in  aUn  tion  as 
compared  to  12.2  per  cent  of  the  mothers  ol 
the  controls.  Kollowinn  the  biilli  of  the  index 
chikl.  the  incidence  of  stillbirths  was  1.1  pin 
cent  in  each  sjeonp  of  mothers,  while  14.8 
j>er  cent  of  the  mothers  of  the  affected  i hil- 
ilren  and  1.').4  per  cent  of  the  mothers  of  the 
controls  hail  abortions,  fn  addition,  there 
were  no  sienilicant  tlillereiucs  for  either 
birth  or  preiinancy  order  of  the  index  child. 
Similarly,  there  were  no  important  differ- 
ences in  the  interval  of  time  between  the  pre- 
ceding pregnancy  and  the  birth  of  the  index 
child,  or  in  the  intersal  of  time  followins;  the 
index  child's  birth  and  sul)set]uent  preg- 
nancies. 'I'he  number  of  neonatal  deaths  and 
of  deaths  durini;  later  childhood  occurrin!; 
in  the  siblin"s  of  the  monsjoloid  children  and 
controls  was  also  very  similar:  95.6  per  cent 
of  the  siblinijs  of  the  children  with  mon- 
ttolism  and  95.2  jxt  rent  of  those  of  the  con- 
trols \sere  still  alive  at  time  of  interview. 


.Menstrual  history.  Slightly  fewer  mothers 
of  the  children  with  Down’s  syndrome  were 
still  menstmating  at  tlie  time  of  interview; 
the  mean  age  at  meno|)ause  for  the  mothers 
of  the  affected  children  was  lower  than  that 
of  tlie  mothers  of  the  controls.  However, 
tiiese  differences  are  not  slaiislically  signili- 
tant  (Table  II).  The  two  groups  also 
showed  no  differences  with  resped  to  nien- 
stmal  irregularities,  such  as  a change  in  du- 
ration of  menses  or  in  the  intersal  between 
menses.  Turthermore,  there  was  no  increase 
in  any  type  of  menstrual  irregularity  just 
before  the  biith  of  the  index  child.  How- 
ever, slightly  more  mothers  of  ihildren  with 
Down's  sytidrome  reported  hating  to  con- 
sult a physician  at  some  time  during  theii 
lives  for  “menstrual  difficulties”  usually 
menorrhagia. 

Marital  history.  A significantly  greater 
number  of  multiple  marriages  before  the 
birth  of  the  index  child  was  recorded  for  the 
mothers  of  the  children  with  Down's  syn- 
drome. 'There  were  16.2  per  cent  of  the 
mothers  of  affected  children  who  were  mar- 
ried two  or  more  times,  as  cotnpared  to  only 
6.9  per  cent  of  the  mothers  of  the  controls 
(.01  > p > .001)  (Table  III  i.  Of  the  mul- 
ti))le  marriages,  6 in  the  case  grouj)  and  5 in 
the  control  grouj)  remarried  because  of  the 
death  of  the  previous  mate;  in  addition  28 


Table  I.  Pregnancy  wastage  in  tnothers  of  children  with  Down’s  syndrome  and  in 
mothers  of  controls  by  maternal  age  and  by  time  relationship  to  index  child 


prior  to  index  child 

Subsequent  to  index  child 

Maternal  age 
groups 

1 

Total  pregnancies 

Abortions  and 
stillbirths*  \ 

(%)  1 

Total  pregnancies 

Abortions  and 
^ stillbirthsf 

1 (%) 

Down*s 

1 Controls 

Down's  1 Controls  | 

Down's 

1 Controls 

Down's  1 Controls 

15-19 

1 

4 

100.0 

0 

10 

16 

10.0 

0 

20-24 

32 

36 

25.0 

19.9 

52 

64 

11.5 

18.8 

25-29 

43 

57 

16.3 

17.6 

41 

47 

9.7 

23.4 

30-34 

127 

105 

15.8 

14,3 

44 

32 

20.5 

9.4 

35-39 

185 

167 

15.7 

14.4 

28 

24 

28.6 

12.5 

40-44 

135 

148 

13.3 

13,6 

1 

5 

0 

40.0 

45-49 

4 

0 

25.0 

0 

0 

0 

0 

0 

50  + 

0 

0 

0 

0 

0 

0 

0 

0 

Total 

527 

517 

15.9 

14,7 

176 

188 

15.9 

16.5 

•For  per  cent  of  stillbirths,  p > .30.  For  per  cent  of  abortions,  p > .30. 


fFor  per  rent  of  stillbirths,  no  difference.  For  per  cent  of  abortions,  p > 80. 
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veal  difrerences  in 
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Table  II,  Menstrua 
(ontiol  children 


M»*an  aen  at  niem 
.Mean  atje  at  nicn< 
Still  menstruating 
Operative  rnenopj 
Always  retjular  pe 
Consulting  physic 
Mean  duration  of 
Mean  interval  bet 


Table  III.  Marital 
syndrome  and  of  coi 


Married  twice  or  more 
Married  once  or  more 
Median  number  of  yea 
Median  number  of  yea 
Median  interval  betwee 
child 


Table  IW  Ficquenr 
liistoiy  of  mothers 

All 

irrespecU 

h 

Known 

marital 

history 

(No.) 

Mongols  215 

Controls  215 

*Tot*l  mothers  inclutl 
with  unknown  m,\iita]  hii 
tincludinff  all  OTH's  oi 
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Sliiilitly  tVwfr  iiiotliei's 
svmiroine  wort- 
thf  tiiiu-  of  iiittTvifw ; 
ipausi-  for  ifio  iiiothfis 
« was  lower  tliaii  that 
iC  ronlrols.  1 lowevci , 
not  statistirally  sinnili- 

Erhe  two  irroiips  also 
with  resj«‘<  t to  iiirn- 
ch  as  a ihanite  in  tlu- 
In  the  interval  between 
there  was  no  inerease 
btrnal  irreunlarity  just 
fate  index  eliild.  ffow- 
pth(  IS  of  ehildren  with 
fcwited  havint;  to  eon- 
■pme  time  ihirins  their 
diffit'nlties”  usuallv 


sii'nihianily  greater 
marr  is;es  before  the 

Ed  was  recorded  for  the 
ren  with  Down's  syn- 
16.2  per  cent  of  the 
^ildren  who  were  mar- 
j,  as  compared  to  only 
lOtheis  of  the  controls 
able  III).  Of  the  mnl- 
e case  I'ronp  and  5 in 
Tried  because  of  the 
mate;  in  addition  28 


>ine  and  in 
child 


to  index  child 

Abortions  and 
stillbirths^ 

(%) 

Down's  I Controls 


10.0 

0 

115 

18.8 

9.7 

23.4 

205 

9.4 

28  6 

12.5 

0 

40.0 

I) 

0 

0 

0 

15  9 

16.5 
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marriages  in  the  case  group  ended  by  an- 
nulment or  divorce  as  comparetl  to  0 in  the 
control  group.  However,  as  was  ohservnl  in 
the  total  series  of  mothers,  the  e.xamination 
of  the  reproductive  histories  of  the  mothers 
who  were  divorced  or  separated  failed  to  re- 
veal dilVerences  in  fertility  or  occnrrence  of 
prennancy  wastage. 

riie  <li()'erenc<‘  in  marital  history  of  moth- 
eix  of  the  children  with  mongolism  and  of 


controls  was  pu/zling.  Since  mothers  of  chil- 
dren with  mongolism  have  Ijecn  sfiovvn  also 
to  have  more  radiation  than  mothers  of  con- 
trol children,'  it  seemed  worthwhile  to  de- 
termine whether  the  greater  number  of  mul- 
tiple marriages  for  case  mothers  might  be 
due  to  some  factor  relatetl  to  Ixith  radiation 
exposure  and  marital  dissolution.  Fiom  'fable 
IV'.  it  is  apparent  lliat  among  tliose  mothers 
with  no  reported  histoi-y  of  radiation,  the 


'fable  II.  Menstrual  history  of  mothers  of  children  with  Down’s  syndrome  and  of 
control  children 


Da/fi 

i Dowfi'a 

\ N — 216 

1 (.'ontroh 

.V  216 

P 

value 

Moan  at  mrnarche  (vears) 

13.56 

13.14 

.412 

Mean  a.ijo  at  incnopausc  (years) 

45.21 

45.93 

.276 

Still  inenstruatine:  ( ) 

70.60 

77.60 

.101 

Operative  menopause  ('/<■) 

3 9.. 30 

38.30 

.907 

.'Mways  regular  period  ) 

87.50 

87.00 

.878 

Oonsultint'  physician  for  menstrual  difficulty  (%) 

17.10 

10.70 

.060 

Mean  duration  of  menstrual  period  (days) 

5.72 

5., 54 

.204 

Mean  interval  between  periods  (days) 

28.96 

28.90 

.741 

Table  III.  Marital  and  re])rodurtive  histoi'y  of  mothe 
syndrome  and  of  control  children 

rs  of  chihlrcn 

with  Down 

I’s 

Dala 

Down’i 

' N = 216  1 

('ontrols 

X = 216 

p 

value 

Married  twice  or  more  before  birth  of  index  child  (%) 

16.2 

6.9 

< 

.01 

Married  once  or  more  followini;  birth  of  index  child  {^r) 

1.4 

0.5 

> 

.30 

Median  number  of  years  married  before  birth  of  index  child 

8.13 

8.48 

> 

.30 

Median  number  of  years  married  before  first  prcjjnancy  ended 

1.9.3 

1.99 

> 

.50 

Median  interval  between  previous  pregnancy  and  birth  of  index 

2.93 

3.21 

> 

.50 

child 


Table  IV'.  Fret(uency  of  mutlipic  marriages  and/or  alliances  according  to  radiation 
history  of  mothers  of  children  with  I7own's  syndrome  and  of  controls 


All  mothers 

irrespective  of  radiation 
history* 

Mothers  not 
irradiated 

j 

Irradiated  mothers^ 

Irradiated  mothers 
fiuroscopic  and/or 
therapeutic 

Known 

With 

Known 

With 

Known 

With 

Known 

It'Kil 

marital 

1 multiple 

martial 

multiple 

1 marital 

multiple 

marital 

multiple 

history 

1 marriages 

history 

marriages 

history 

marriages 

history 

marriages 

(No.) 

(No.)\  C/r) 

(No.) 

(No.)\  (%) 

(No.) 

(No.)\  (%) 

(No.) 

(No.)\  (%) 

Mongols 

215 

35  16.3 

104 

15  14.4 

104 

19  18.3 

54 

10  18.5 

Controls 

215 

15  7.0 

124 

7 5.6 

83 

8 9.6 

27 

3 11.1 

*T<>ta]  mothers  including  those  with  < 

unknown  radiation  history, 

but  excluding  1 case  mother  and  1 

control  mother 

with  unknown  matital  hUtmy. 


flncludinir  radiation:  diagnostic,  thriapcutic.  and/or  fluoroscopic. 
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mothers  of  children  with  Down’s  syndrome 
had  a sittniticantly  hiitlier  freiiuency  ol  mnl- 
tijjle  marriages  than  mothers  of  the  control 
children  (p  < .05).  Allhouijh  there  was  also 
a hiyher  fretpiency  of  miilti|)le  niarriattes  for 
irradiated  mothers  of  children  with  nion- 
tfolism.  the  tliil’erence  is  not  statistically  si!»- 
nilicant  (.10  > p > .05).  When  only  llu- 
oroscopic  and  therapeutic  irradiation  were 
considered,  the  trends  were  similar  hut  the 
dilTerences  were  still  not  sisjnificant  ( p > 
.50 ' . riius  the  hiyher  fieqnency  of  multiple 
marriaites  prior  to  hirth  of  the  index  diild 
amontj  case  mothers  as  compared  to  control 
mothers  cannot  he  attrihuled  to  an  associ- 
ation with  radiation,  hut  rather  apjtears  to 
represent  an  independent  relationship. 

Relit^ion  and  education.  .\  lan;er  jnojjor- 
tion  of  both  Clatholic  and  Jewish  parents 
were  found  in  the  group  of  children  with 
titongolisin,  but  the  dilVerenres  from  the  par- 
ents of  the  controls  are  not  statistically  sig- 
nificant (Table  Of  the  parents  of  the 
children  with  Down's  syndrome,  24.5  per 
rent  were  of  differing  religions,  as  compared 
to  lfl.2  per  cent  of  the  parents  of  the  con- 
trols. In  the  rase  grou|).  13.9  per  rent  of  the 
marriages  iiuoK  ed  a Catholic  mother  and  a 
father  of  some  other  religion,  as  compared 
to  9.7  i)er  cent  of  the  controls.  Converselv. 
5.6  per  cent  of  the  marriages  of  parents  in 
the  case  series  involved  a Catholic  father 
and  a mother  of  another  religious  prefer- 
ence. while  this  same  combination  applied 


Table  V.  Religious  preferences  of  parents  of 
children  with  Down's  syndrome  and  of 
control  children 


1 Mothers*  1 

1 Fathers} 

Religion 

^ Down*s, 
N = 214\ 
(%) 

Controls, 
N = 215 
(%) 

A — 2/2 
liV  = 206' 
(%) 

Controls, 
N = 212 
(%) 

Catholic 

50.9 

43.3 

44.7 

41.0 

Jewish 

8.4 

6.5 

8.7 

5.7 

Protes- 

.38.8 

48.8 

44.7 

50.9 

tant 

Other 

1.9 

1.4 

1.9 

2.4 

•x*  = 4.50;  p > .20. 
tx*  = 2.64;  p > .30. 


to  6.9  per  cent  of  the  |)arents  of  the  con- 
trols. 

In  view  of  the  higher  fretpiency  of  mul- 
tiple marriages  among  mothers  of  the  tasi-s. 
we  thought  it  would  he  of  interest  to  tleter- 
mine  the  religious  distribution  of  those  moth- 
ers who  hail  multiple  marriages.  Of  suih 
mothers.  38  per  cent  of  the  tase  mothers 
were  Catholic  and  12  per  cent  Jewish,  as 
comjiared  to  .33  per  cent  and  0 per  cent  for 
the  control  mothers;  these  diflerences  were 
not  statistically  signilicant. 

■Similar  educational  backgrounds  were  re- 
ported by  each  group  of  Jjarents:  77.8  per 
cent  of  the  mothers  of  the  aflccted  children 
and  76.9  per  cent  of  the  mothers  of  the  con- 
trols had  no  education  following  high  .sdiool, 
while  67.1  per  cent  and  72.2  per  cent  of  the 
case  and  control  fathers,  respectively,  had  no 
post  high  .school  education. 

DISCUS.SION 

With  the  use  of  controls  matched  for  ma- 
ternal age  at  the  time  of  birth  of  the  index 
child,  date  of  birth,  sex.  and  hospital  of 
birth  of  the  index  child,  this  study  demon- 
strated that  the  reproduetive,  menstrual,  and 
religious  experience  of  mothers  of  children 
with  Down’s  syndrome  was  not  different 
from  that  of  mothers  of  controls. 

Of  particular  interest  is  the  signifieantly 
greater  number  of  multiple  marriages  due  to 
separation  and  ilivoree  prior  to  the  birth  of 
the  index  child  found  in  the  mothers  of  the 
Down’s  children  as  comi>ared  to  mothei-s  of 
controls.  Although  broken  marriages  might 
be  ex])ected  folloiving  the  birth  of  a defective 
ehilcl,  they  are  not  as  easily  explained  hrjore 
the  birth.  This  increase  in  multiple  marriages 
is  noteworthy  since  the  frequency  of  Jews 
and  Catholics,  known  for  their  low  divorce 
rates,  is  relatively  higher  in  the  Down’s 
group,  although  this  difference  is  not  statisti- 
cally signiheant.  The  etiologic  basis  of  a 
relationship  between  multiple  marriages  and 
the  occurrence  of  Down’s  syndrome  in  off- 
spring is  not  clear.  It  is  quite  ]30ssiblc.  that 
in  examining  a great  number  of  factors,  one 
or  more  “chance”  associations  may  appear. 
Whether  this  multiple  marriage  association  is 
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a "rhante  hiuling  oi  a leal  one,  iheietore, 
remains  to  Ik'  determined. 

I’regnaniy  wastage,  feitihly,  anil  menstrual 
irregularities  have  lieen  tin-  subject  of  fre- 
tjuent  comment  in  studies  of  Down's  syn- 
drome. I'nfortunately,  most  comparisons 
dealing  with  repriHluctise  history  have  been 
made  either  with  unsuitable  controls  or  with 
no  controls  at  all.  Benda^  found  his  group  ol 
mothers  of  children  with  mongolism  to  have 
an  aixirtion  freipiency  of  31.2  per  cent  and 
compared  this  figure  to  that  of  10.6  per  cent 
for  the  general  [xipulation.  Other  authors, 
including  Muqihy,*  Beidleman,‘  and  Engler'' 
also  reported  that  mothers  of  children  with 
Down’s  syndrome  have  an  abnormally  high 
aixirtion  rate.  Down,’  Beidlcrnan,*  Benda,’ 
and  Engler"  also  indicated  that  the  jjreg- 
nancy-free  interval  prior  to  the  birth  of  the 
affected  child  was  longer  than  normal.  Each 
of  these  studies,  however,  failed  to  take  into 
account  the  importance  of  controlling  ma- 
ternal age  when  dealing  with  age-related  re- 
productive factors.  Smith  and  Record"  also 
re|K)rted  higher  abortion  rates  for  mothers 
of  children  with  mongolism  than  for  con- 
trols and  made  an  attempt  to  control  for 
maternal  age.  but  the  scarcity  of  older  con- 
trol mothers  led  to  the  selection  of  a smaller 
and  younger  control  group. 

Similarly,  Coppen  and  Cowie”  in  I960  ob- 
served that  of  93  pregnancies  in  55  Down’s 
mothers,  31  per  cent  ended  in  abortion  or 
stillbirth.  However,  Ingalls,  Babbott,  and 
Philbrook'"  found  a 15.5  per  cent  abortion 
rate  in  mothers  of  cases  versus  9.4  per  cent 
in  the  controls.  In  contrast,  0ster'‘  reported 
that  9.7  per  cent  of  1,52.3  pregnancies 
of  Down’s  mothers  ended  in  stillbirth  or 
abortion,  and  more  recently  Lunn”  found 
no  difference  in  fertility  and  no  higher 
rate  of  abortions  in  Down’s  mothers  when 
compared  to  age  matched  controls  in 
Glasgow. 

Since  the  increased  frequency  of  abortions 
is  at  least  in  part  related  to  advancing  ma- 
ternal age,”  and  since  the  frequency  varies 
in  different  jxipulations  and  with  different 
modes  of  data  collection,  the  importance  of 
an  adequate  comparison  group  controlled  by 


maternal  age  cannot  be  overenqrhasized.  The 
finding  in  this  study  that  mothers  of  children 
with  mongolism  show  no  higher  frequency 
of  alxxlions,  stillbirths,  or  other  offspring 
with  congenital  abnormalities,  suggests  that 
meiotic  nondisjunction  occurs  in  relatively 
few  \iable  ova  in  any  one  female  during  a 
lifetime. 

■SUMMARY 

•An  epidemiologic  study  of  the  families  of 
216  rhildren  with  Down’s  syndrome  and  216 
control  children  matched  on  the  basis  of 
maternal  age  at  the  time  of  the  child’s  birth 
demonstrated  no  difference  in  abortions,  still- 
births, congenital  abnormalities,  or  increased 
sibling  deaths  from  acquired  causes  in  the 
case  group  as  compared  with  the  control 
group.  Fertility  in  the  mothers  of  affected 
children,  both  before  and  after  the  birth  of 
the  child,  was  similar  to  that  of  the  controls. 
No  significant  difference  in  maternal  men- 
strual history  was  found.  These  data  suggest 
that  in  families  containing  a child  with 
Down’s  sj’ndrome,  except  where  tlie  mother 
is  young  at  the  time  of  birth  of  the  affected 
child,  the  risk  of  having  a subsequent  preg- 
nancy end  in  abortion,  stillbirth,  another 
child  with  mongolism,  or  any  other  con- 
genital abnonnality  is  largely  related  to  the 
risk  associated  with  the  maternal  age  at  that 
time,  rather  than  with  the  Down’s  syndrome 
itself. 

The  significantly  higher  incidence  of  mul- 
tiple ntarriages  prior  to  the  birth  of  the  index 
child  observed  in  mothers  of  Down’s  children 
as  compared  to  control  mothers  is  note- 
worthy and  requires  further  study. 
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Mrs.  Susan  Raker  who  was  responsible  for  the 
computer  programming,  and  of  Drs.  Robert 
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Mrs.  Charlotte  Benesch  for  their  helpful  sugges- 
tions. In  addition,  generous  ctxjperatitxi  and  sup- 
port were  given  by  Mr.  Sidney  Norton  of  the 
Department  of  Vital  Statistics,  by  the  Baltimore 
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The  Johns  Hopkins  University  School  of  Hypiene  and  Public  Health 
Baltimore,  Md- 


The  epidemiological  study  of  mongolism  in  Baltimore  was  initiated  primarily 
to  determine  whether  there  was  a relationship  between  parental  exposure  to  ioniz- 
ing radiation  and  the  occurrence  of  mongolism  among  offspring.  The  principal 
stimuli  for  this  inquiry  were  the  known  relationship  between  ionizing  radiation 
and  chromosomal  aberrations,  the  association  of  leukemia  and  mongolism,  and 
the  leukemogenic  effect  of  radiation.  In  addition  to  collecting  data  for  this  major 
objective,  information  was  obtained  and  analyzed  concerning  other  factors, 
such  as  parental  age  and  maternal  reproductive  patterns,  which  might  be  asso- 
ciated with  chromosomal  aberrations.  In  this  report,  we  shall  summarize  the 
study  results  ' ' and  briefly  describe  the  procedures  of  a supplementary  investi- 
gation undertaken  this  year  and  currently  in  progress. 


1( 


Method 

A detailed  description  of  the  methods  used  in  the  original  study  has  already 
been  reported  and  will,  therefore,  be  reviewed  only  briefly  here.  The  names  of 
421  children  with  a diagnosis  of  mongolism  were  made  available  from  several 
Baltimore  sources.  To  be  eligible  for  inclusion  in  the  study,  the  child  had  to  be 
Caucasian  and  born  in  the  greater  Baltimore  area  between  January  1,  1946, 
and  September  30,  1962.  Those  who  did  not  meet  these  requirements  were 
eliminated  from  the  study  (51  not  born  in  Baltimore.  38  not  Caucasian,  17  too 
old,  17  whose  families  could  not  be  located  in  the  city  directories,  and  8 whose 
birth  certificates  could  not  be  located).  This  left  288  with  an  initial  diagnosis 
of  mongolism.  The  birth  certificates  of  all  the  288  eligible  children  were  then 
obtained.  To  select  control  subjects,  the  birth  certificate  of  each  case  was  sys- 


* The  original  studies  were  supported  in  part  by  the  United  Slates  Public  Health 
Service,  Research  Branch,  Division  of  Radiological  Health  Contract  No.  SAph 
76367,  and  in  part  by  National  Cancer  Institute  Contract  No.  CT  5085  and  National 
Heart  Institute  Contract  No.  HE  5297,  The  current  studies  are  being  supported 
jointly  by  the  Advanced  Research  Project  Agency  of  the  Department  of  Defense 
utider  Contract  No.  DA  DA  I7-69-C-9I54,  and  by  the  Environmental  Control  Ad- 
ministration. Consumer  Protection  and  Environmental  Health  Service,  Public  Health 
Service,  Department  of  Health,  Education  and  Welfare,  Contract  No.  CPE-R-69-24. 

■ Recipient  of  Research  Career  Development  Award  No.  K3-GM-5590  from  the 
National  Institute  of  General  Medical  Sciences. 

( Recipient  of  Research  Career  Award  No.  K6-GM- 13,901  from  the  National 
Institute  of  Cieneral  Medical  Sciences. 
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tematically  matched  with  another  birth  certificate  on  the  basis  of:  ( I)  hospital 
of  birth,  or  birth  at  home.  (2l  sex.  (.M  maternal  age  at  the  time  of  birth  of  the 
child,  and  (41  date  of  birth. 

Each  eligible  child  reported  to  have  mongolism  was  examined  by  a pediatri- 
cian. A set  of  physical  criteria  for  mongolism  was  used  to  determine  whether 
the  child  should  be  accepted  as  a case.  Ihose  who  did  not  meet  these  criteria 
were  eliminated  from  the  study.  Of  the  288  cases.  18  were  excluded  because  of 
the  absence  of  diagnostic  criteria,  and  .^4  cases  were  eliminated  because  of 
refusal  to  cooperate,  inability  to  locate  the  family,  or  inability  to  obtain  an  ade- 
quate interview.  Consequently.  216  cases  were  available  for  the  final  analysis. 

The  interviewing  of  the  case  and  control  families  was  performed  by  live 
well-qualified  women.  Interviewers  were  not  informed  which  were  cases  and 
which  were  controls;  recognition  of  the  family  with  Down's  syndrome  did  not 
usually  iKcur  until  the  actual  interview  was  conducted.  Questions  about  radia- 
tion exposure  were  always  phrased  without  reference  to  the  birth  of  the  index 
child.  In  addition,  medical  records — including  obstetrical  records — were  re- 
viewed with  regard  to  reproductive  histories  and  radiation  exposure  indepen- 
dently of  the  interview. 


Rfsiu  ts 

Ratliatiitn  Exposure 

A summary  of  the  histories  of  radiation  exposure  of  the  mothers  of  the  cases 
and  controls  is  presented  in  Tabi  f I.  I'or  mothers  with  definite  "yes"  or  "no" 
answers  for  radiation  exposure.  ^0''r  of  the  mothers  of  motigols  reported  no 
radiation  as  compared  to  .^9. O'";  of  the  control  mothers- -a  dillercnce  which  is 
statistically  significant  (P<.t).S).  It  is  clear  from  this  r.Aiit  i that  the  increased 
exposure  history  of  mothers  of  the  mongols  is  mainlv  a result  of  lluoroscopic 
and  therapeutic  radiation  or  of  combinations  of  multiple  sources  of  radiation. 
In  contrast  to  the  mothers,  the  fathers  of  the  mongols  did  not  have  significantly 
greater  exposure  to  radiation  than  did  the  control  fathers  (T.ABtF  2).  Although 
a somewhat  smaller  proportion  of  fathers  of  mongols  reported  no  radiation, 
and  a slightly  larger  proportion  had  diagnostic  radiation  as  ci  mpared  to  fathers 
of  controls,  none  of  these  dilVerenccs  was  statistically  significant,  and  there  were 
no  differences  in  the  categories  in  which  therapeutic  and/or  fluoroscopic  radia- 
tion were  included. 

In  an  attempt  to  determine  whether  there  were  any  additional  differences  in 
exposure  to  radiation  or  other  energy  sources,  occupational  histories  were 
reviewed:  7.9''r  of  the  mothers  of  mongols.  but  only  of  the  control 

mothers,  had  worked  in  a professional  or  technical  capacity  in  medical  fields 
(P<.()5).  Eight  mongol  mothers,  in  contrast  to  three  control  mothers,  gave 
histories  of  definite  x-ray  and  or  lluoroscopic  exposures  in  all  types  of  occupa- 
tions. prior  to  the  conception  of  the  index  child. 

No  dilferences  were  found  in  the  occitpations  of  the  fathers  of  the  mongols 
and  the  controls,  except  for  a higher  frequency  of  military  service  for  the  fathers 
of  mongol  children — 6.VI''r.  as  compared  with  .^6.6'';  for  control  fathers.  In 
addition,  a history  of  radar  exposure  was  obtained  from  the  fathers,  which  indi- 
cated that  8.7''r  of  the  fathers  of  the  children  with  mongolism  and  .l..l''r  of 
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Summary  of  Maternai.  Kadiation  Kxposure  Prior  to  Birth  op  Index  Child 


Mothers  of 


1 ype  of  Kadiation 

Mongols 

(%) 

Controls 

(%) 

No  radiation 

50.0 

59.9 

Kadiation 

Diagnostic  only 

24.0 

27.1 

Fluoroscopic  only 

4.8 

3.4 

Therapeutic  only 

3.3 

1.4 

Diagnostic  and  fluoroscopic 

6.7 

3.9 

Diagnostic  and  therapeutic 

3.4 

2.9 

Fluoroscopic  and  therapeutic 

1.0 

0.5 

Diagnostic,  fluoroscopic,  and  therapeutic 

6.3 

0.9 

Unknown 

3.7 

4.2 

the  control  fathers  had  had  contact  with  radar,  both  in  and  outside  of  the  armed 
forces — a dillerence  which  is  of  borderline  statistical  significance  (P<.02). 

Two  measures  ot  the  degree  of  relationship  between  maternal  radiation 
exposures  and  mongolism  were  computed  from  the  data.  Table  3 shows  that 
the  estimated  relative  risk  is  1 .5,  that  is.  mothers  exposed  to  radiation  had  a 
5()Cr  greater  chance  ot  having  an  offspring  afflicted  with  Down's  syndrome. 
From  this  relative  risk,  it  was  also  possible  to  determine  the  attributable  risk, 
that  is,  the  estimated  proportion  of  mongols  in  the  population  associated  with 
maternal  radiation  exposure,  using  the  method  proposed  by  Levin;  ‘ this  was 
computed  to  be  17%.  It  should  be  understood  that  this  percentage  reflects  not 
only  the  relative  risk  but  afso  the  frequency  of  radiation  exposure  in  the  general 
population  and  will,  therefore,  differ  in  various  population  groups. 
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Table  2 

Summary  of  Paternal  Radiation  Exposure  Prior  to  Birth  of  Index  Child 


Type  of  Radiation 

No  radiation 
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Diagnostic  only 
Fluoroscopic  only 
Therapeutic  only 
Diagnostic  and  fluoroscopic 
Diagnostic  and  therapeutic 
Fluoroscopic  and  therapeutic 
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Rffriuluiiive  unj  MfiiMnitil  ///.vforv 

An  analysis  of  the  lifetime  leproductise  histones  shsswed  striking  similari- 
ties in  menstrual  hisioiy.  ferliliiy  experience,  and  pregnancy  wastage  in  mothers 
of  both  the  cases  and  controls  No  significant  dillerences  were  noted  in  the 
number  ot  pregnancies,  abortions,  or  sullbirlhs.  before  or  after  the  birth  of  the 
index  child  No  slatisiicallx  significant  dillerences  were  obsersed  with  regard  to 
the  pregnanev  onler  or  birth  oiiler  ol  the  index  child,  interval  of  lime  between 
the  preceding  piegnancy  and  birth  ol  the  index  child,  or  from  the  latter  to 
subsesttient  births  Morcoser.  the  iK'stuencx  of  neonatal  deaths  and  childhisod 
deaths  among  siblings  ot  the  mongoloid  children  was  similar  to  those  among 
the  controls 

I XHI I t 


CoMFi  rxiioN  OF  KiiAnvi  Risks  i oh  Maiirnai  Radiation  F'xposurt  * 


Maternal 

Mothers  of 

Radiation 

History 

Mongols 

C'ontiols 

No  radiation 

104 

124 

Radiation 

104 

8.5 

208 

207 

• f'sliinalcd  relative  risk=  "*'*  = 1..S 
S.IX  104 


Miiriitil  History 

A significantly  greater  number  of  multiple  marriages  before  the  hirih  of 
the  index  child  was  recorded  for  the  mothers  of  the  mongols.  There  were  lb. 2''; 
of  mothers  of  alTected  children  who  were  married  two  or  more  limes,  as  com- 
pared to  only  b.orr  of  mothers  of  controls.  Of  the  multiple  marriages,  b in  the 
ease  group  and  in  the  control  group  had  remarried  because  of  the  death  ol 
the  previous  spouse;  however,  2S  marriages  in  the  case  group  had  ended  in 
annulment  or  divorce  as  ccimpared  to  only  f in  the  control  group. 

Because  of  the  higher  frequency  of  radiataion  exposure  among  mothers  of 
mongols.  it  was  considered  desirable  to  determine  whether  multiple  marriages 
were  also  associated  with  radiation  exposure,  Perhaps,  the  higher  frequency 
of  multiple  marriages  among  mothers  of  mongols  is  merely  a rcllection  of  a 
higher  frequency  of  radiation  exposure  among  those  who  have  had  multiple 
marriages.  However,  an  analysis  indicated  that  these  two  were  independently 
related  to  mongolism  ( Tahif  4i,  .Among  mothers  who  had  not  been  irradi- 
ated. 14.4'r  of  mothers  of  mongols  but  only  S.b*';  of  control  mothers  had 
multiple  marriages  ( P v .0.^ ) . 
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Other  Factors 


The  cases  and  controls  were  compared  with  regard  to  several  other  variables, 
including  residential  history, ‘ religion,'  and  educational  background.'  No 
statistically  significant  differences  between  the  two  groups  were  observed  in 
these  factors. 


Maternal  and  Paternal  Ages 

The  relationship  of  mongolism  to  maternal  age  has  been  well  substantiated, 
and  did  not  require  any  additional  confirmation  in  this  study.  In  fact,  the  con- 
trols were  matched  to  the  mongol  children  by  maternal  age,  thereby  eliminating 
the  possibility  of  analyzing  these  pairs  for  a maternal  age  effect. 

We  were,  however,  interested  in  the  possibility  of  a paternal  age  effect,  since 

Table  4 


Frequency  of  Multiple  Marriages  among  Study  Mothers 
WITH  Known  Marital  and  Radiation  Histories 


Mothers  of 

Mongols 

Controls 

Radiation  History 

Total 

Multiple 

Marriages 

(%) 

Total 

Multiple 

Marriages 

(%) 

No  reported  history  of  radiation 

104 

14.4 

124 

5.6 

Reported  history  of  radiation 
Reported  history  of  fluoroscopic 

104 

18.3 

83 

9.6 

and/or  therapeutic  radiation 

54 

18.5 

27 

11.1 

there  was  a suggestion  from  some  recent  studies  that  such  an  effect  might  exist, 
and  we  were  also  not  satisfied  that  earlier  studies  had  completely  excluded  such 
a possibility.-'  ' The  difficulty  in  analyzing  data  for  a paternal  age  effect  stems 
from  the  high  correlation  of  paternal  with  maternal  ages.  The  approach  in  the 
present  study,  however,  permitted  the  examination  of  the  effects  of  maternal  and 
paternal  ages  independently,  in  a separate  analysis. 

In  this  study,  the  matching  of  the  birth  certificate  of  each  mongol  with  that  of 
a subsequent  birth  with  respect  to  maternal  age,  permitted  us  to  determine 
whether  there  were  differences  with  respect  to  paternal  age  distributions.  Then 
a different  series  of  controls  was  obtained  by  selecting  another  set  of  birth  certifi- 
cates matched  to  the  certificates  of  the  mongol  cases  with  respect  to  paternal 
age  to  determine  whether  there  were  differences  in  maternal  age  distributions. 

The  results  of  this  analysis  clearly  indicated  the  presence  of  a maternal  age 
effect  but  no  paternal  age  effect.  Table  5 shows  the  maternal  age  effect  with 
paternal  age  controlled.  Note  that  in  every  paternal  age  group  except  the 
youngest,  the  mothers  of  the  mongols  were  older  than  those  of  the  controls,  the 
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Tabli;  5 


Matchui  Pair  Analysis  of  Matiknal  Aof;  with  Paiijinal  Aok  C'ontroli  f.i> 

(Paikio  t Test) 


Paternal  Age 
(iroiip 
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mean  ililferences  attaining  statistical  signifisancc  m the  iiMcr  age  griuips,  t()--t.S 
years.  ITle  group  over  4.S  years  ol  age  is  not  signilicanl.  piohahls  hecaiise  ol  its 
small  si/e,  although  the  ilillerence  is  in  the  same  diieclion  When  all  age  groups 
are  pooled,  the  maternal  age  dilTerence  is  stalisticalls  signiheani  at  the  .0t)l  level 
On  the  other  hand,  as  shi'vsn  in  I sHt  i n.  sshen  paternal  age  was  examined 
with  maternal  age  eonirolled.  there  were  no  signilisani  diileieiii'es.  except  lot 
one  maternal  age  group  (.tO-34  sears)  m which  the  ' ..ners  ol  mongols  ssere 
younger  than  the  lathers  of  controls.  Ihus.  no  cor.isieni  age  pattern  is  discerni- 
ble in  the  fathers.  Naturally,  in  such  a studs,  the  number  ol  cases  impsises 
limitattons  ssiih  regard  to  the  detection  ol  a small  etU-cl  It  ssinild  apivar. 
boss  ever,  that  the  absence  of  a sigmlicant  finding  ssith  regard  to  paternal  age 
probably  eliminates  at  least  a ntsHlcrale  effect  of  paternal  age  The  ilefeclnin  ol 
a smaller  paternal  age  effect  would  require  a larger  senes  ol  cases. 
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Cohen  M 


Discussion 


The  results  of  this  study  indicate  that  the  mothers  of  mongol  children 
received  significantly  more  radiation,  particularly  fluoroscopy  and  therapeutic 
radiation,  than  the  mothers  of  control  children.  In  fact,  for  combined  radiation 
from  one  or  more  diagnostic,  fluoroscopic  and  therapeutic  sources,  the  fre- 
quency of  mothers  of  mongol  children  that  had  such  procedures  was  seven  times 
that  of  control  mothers.  Of  additional  interest  was  the  observation  that  signifi- 
cantly more  mothers  of  mongols  were  employed  in  professional  or  technical 
occupations  in  the  medical  field.  The  consistency  of  these  relationships  is  notable. 

The  only  other  two  associations  that  appeared  in  the  analysis  were  the  well- 
documented  a.ssociation  of  mongolism  with  maternal  age,  and  the  higher  fre- 
quency of  multiple  marriages  among  the  mothers  of  the  mongol  children  as 
compared  to  the  controls.  Although  broken  marriages  might  be  expected  fol- 
lowing the  birth  of  a defective  child,  they  are  not  as  easily  explained  when  they 
occur  before  the  birth.  It  is  quite  possible,  however,  that  in  a study  in  which  a 
great  many  factors  are  examined,  one  or  more  chance  associations  will  appear. 
Whether  this  multiple  marriage  association  is  a chance  finding  remains  to  be 
determined.  With  respect  to  pregnancy  wastage,  fertility,  and  menstrual  irregu- 
larities, the  mothers  of  the  mongol  children  did  not  differ  from  the  control 
mothers  nor  did  they  show  a higher  frequency  of  other  offspring  with  congenital 
abnormalities. 

The  radiation  history  of  the  fathers  provided  a contrast  to  that  of  the 
mothers.  There  was  a marked  similarity  in  the  history  of  radiation  exposure 
reported  by  the  fathers  of  mongols  and  of  the  controls,  except  for  the  suggested 
relationship  between  mongolism  and  paternal  radar  exposure.  Although,  with 
the  small  numbers  available,  it  is  possible  that  this  finding  may  be  a chance 
observation,  it  clearly  appears  worthy  of  additional  investigation,  especially 
since  recent  studies  have  also  indicated  that  a small  amount  of  ionizing  radia- 
tion may  be  involved  in  high  voltage  radar  equipment. 

In  view  of  the  need  to  confirm  the  positive  findings,  the  original  study  was 
extended,  beginning  in  June  1969,  to  include  additional  mongol  children  born 
from  October  1962  through  December  1968.  We  estimate  that  it  will  be  possible 
to  obtain  an  additional  140  cases.  The  procedures  for  control  selection  and 
interviewing  in  the  current  study  are  essentially  the  same.  However,  two 
features  are  being  added:  a validation  of  military  service  history  and  a chromo- 
some study. 

All  of  the  names  of  the  fathers  of  the  cases  and  controls  will  be  checked 
against  armed  forces  records  to  determine  whether  they,  in  fact,  had  been  in 
military  service  and  the  branch  of  service.  Moreover,  information  will  be  ob- 
tained on  the  MOS  (Military  Occupation  Specialty)  classification  of  fathers 
and,  insofar  as  is  discernible  from  records,  whether  they  worked  with  radar  or 
at  a radar  installation. 

The  chromosome  studies  are  being  carried  out  on  all  fathers  who  reported 
a history  of  radar  exposure  in  the  original  series  as  well  as  on  those  reporting 
such  exposure  in  the  current  scries,  in  order  to  determine  whether  any  aberra- 
tions (such  as  aneuploidy,  translocations,  dicentrics  or  other  aberrations  or  evi- 
dence of  breaks)  are  observed.  For  a comparison  group,  the  chromosomes  of 
unexposed  fathers  of  the  children  matched  to  the  exposed  fathers  are  also  being 
studied.  As  a result  of  these  additions,  both  series  together  will  probably  yield 
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ntf- Tt)  radar-exposed  fathers,  so  that  a total  ol  approximately  1 2tl  chromosome 
analsses  will  be  |ViIormed 

Ifuis,  the  imesligalioti  in  progress  not  onis  will  sene  as  an  independent 
replication  of  the  earlier  study  but  wilt  also  allow  lalidaln’ii  of  the  military 
sen  ice  histones  as  well  as  explore  possible  chiimiosomal  changes.  Hopefully, 
the  current  phase  will  be  completed  b\  the  end  of  l')7ll 


.St  MSI  IKS 

An  epidemiological  studs  encompassing  a population  ol  parents  of  mongols 
and  matched  control  children  horn  in  Haltimoie.  Manlaiul  l‘>4(<  l'li'2  con- 
lirmed  the  well-documented  association  ol  mongolism  with  older  mothers  and 
indicated  that  the  mothers  of  mongols  had  been  exposed  to  signilicanlls  more 
r.idialion.  pariiculails  lltioroscops  .ind  ihciapeutic  r.idialion,  than  the  mothers 
ol  control  children  Nnolher  association,  ihe  higher  frciiucncs  of  multiple  mar- 
riages among  the  mothers  of  the  mongol  children,  .is  compared  to  the  controls 
( iiiileiviulent  ol  the  radiation  associ.ilion ) . is  dillicult  to  interpret  and  may  be 
.1  ch.ince  lindmg 

Mthough  ihete  were  sinking  similarities  in  the  diagnostic  .iiid  Iher.ipeiitic 
r.idiation  histones  ol  l.iiheis  ol  mongols  and  controls,  iheie  w.is  a suggested 
relationship  ol  mongolism  with  paternal  radar  exposure 

In  order  to  contirm  the  lindings.  .in  extension  ol  Ihe  insesiigaiion  to  include 
mongols  born  October  l'h’2  thioiigh  neceinber  I'loS  w.is  miii.ited  last  .lime 
file  ctirreni  studs  is  an  independent  replication  of  the  pres  ions  studs  with  two 
added  features:  Ilia  s.ilid.ilion  I'f  mililars  sersice  .ind  i.id.ii  exposuie.  and 
(2)  .1  chromosome  study  of  i .idar-exposed  l.ilheis  and  unexposed  lathers  ol 
matched  controls. 
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APPENDIX  C-1 


CRITERIA  FOR  CLASSIFICATION  AS  DOWN'S  CASES 


AI’PICNOIX  C'-l 


1 


l'o(H.ilri'iiu'Ut!i  for  inclusion  in  Current  Series  as  a Cano  of  Pown's  syndrome 

( NonRol i sm) 

Down's  Syndrome  Cases  - S stigmata  or  more  from  tiospital  or  pliysiclan'fc 
records.  Tliese  are  listed  on  t l\e  Itospital  abstract  check  list  and 
codeil  on  Card  D - Col.  ID  tliru  .36. 

Kxcept ions : 

If  deceased  - 3 stigmata  plus  mention  of  Mongolism  (Down's,  etc.)  on  death 
certificate  or  on  hospital  record  or  confirmed  by  physician. 

If  alive  - less  tlian  5 stigmata  with  cliromosome  studies  done  and  Trisomy  21 
confirmed. 


l.lSr  Of  STIGMATA  KOK  KI.iGIhlLiry  AS  A DOWN'S  SVNDROMi;  CASK 


Dracliycephal  y 

Slanteil  palpetiral  fissure.s 
Kpicanthic  folds 
Palmar  simian  lines 
Malforme<i  ears 
broad  arui/or  stiort  neck 
Web  neck 

Nalfi'cmed  lingers  and/or  liands 

Nana  1 abno  rma I i t y 

Hyper  t e 1 o r i sm 

Abnormal  palate 

Abnormal  or  furrowed  tony.ue 

Abnormal  footpr  ints/liandprint  s 

brusitfieUl  spots 

Al'normal  hip  angles 

broad  and/or  sluirt  trunk 

Congenital  iteart  conilition 
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Index  Cases  with  Fewer  than  Five  Stiiimata 


^ P t i ^ma la 


- Trisemy  I’l  (Or.  ) - Heart  Condition, 

V>  li?()  - Mi'ore  Clinic  - chromosome  study  and  dcrmatoglyphics,  palmar 
simian  lines,  brushCicld  spots. 

IS'ihO  - Slanted  palpebral  fissures,  cplcanthic  folds,  palmar  simian 
lines,  abnormal  palate. 

Oec cased  Mone.ols 

3 sti>;mata 

14010  - Palmar  simian  lities,  abnormal  tongue,  congenital  heart  disease. 

3^)010  - Kpithantic  folds,  brushfield  spots,  heart  condition. 

33040  - Brachycephaly , slanted  palpebral  fissures,  malformed  ears. 

35510  - Palmar  simian  lines,  abnormal  hip  angles,  heart  condition, 

33330  - Fpicanthlc  folds,  cleft  palate,  heart  condition. 

4 stign'ata 

35190  - Slanted  palpebral  fissures,  palmar  simian  lines,  malformed  tluunbs, 
heart  condition. 

35230  - Slanted  palpebral  fissures,  malformed  hands,  nasal  abnormality, 
abnormal  tongue. 

35520  - Slanted  eyes,  malformed  finger,  protruding  tongue,  heart  disease. 
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I 

1 


Arrf.NDlX  C2 


1 


lUDAR  EXPOSURE  CRITERIA 
I lit  orvi  <>u  Exposure  Class  I ITc.nt  i> < ii 
Classification  as  exposed  or  dolinltoly  exposed  was  assigned  Cor 
any  father  who  indicated  on  interview  that  he  definitely  worked  with  or 
near  radar  in  military  service  or  industry. 

Classification  as  questionable  exposure  or  probably  some  exposure 
was  assigned  for  any  father  who  indicated  that  ho  had  svwe  more  remote 
connection  with  radar,  e.g.,  mobile  radar  was  used  In  his  unit  in 
military  service,  radar  was  used  on  his  ship,  he  was  stationed  at  a 
radar  park,  he  worked  in  industry  where  radar  was  used  or  manuf.ictured 
but  did  not  work  directly  with  it.  "Questionable"  here  does  not  refer 
to  doubtful  but  rather  to  probably  some  exposure  or  a greater  likelihood 
than  the  general  population  of  having  some  exposure. 

NAS  Exposure  Classification 

Classification  of  fathers  as  to  exposure  in  military  services 
was  determined  by  military  consultants  from  the  Array  and  Navjr  who 
screened  MOS  numbers  and  job  descriptions  and  assessed  these  as  to  risk 
of  microwave  exposure. 

On  Array,  Air  Force,  and  National  Guard  lists,  those  job  classifi- 
cations considered  as  involving  exposure  were  so  indicated  by  a designation 
symbol,  in  some  cases  with  added  explanatory  material.  See  att.ached. 

On  Navy,  Coast  Guard,  and  Marino  Corps  lists,  jobs  were  evaluated 
for  risk  as  follows: 

No  or  none. 

Maybe  low. 

Low, 

Moderate, 

High,  and 


"I 


II 
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I 

f 

[ 


[ 

I 


Class! f icntion  ns  "maybe  low,"  "low,"  "moileratc,"  ami  "liij’h" 
were  considered  exposed  in  this  study, 

Couibination  of  Interview  and  NAS 
Exposure  Classification 

In  combining  exposure  status  as  determined  from  interview  informa- 
tion and  from  NAS  information,  the  following  sunmiary  classifications 
were  established: 

(1)  None,  being  no  on  both  records 

(2)  Probably  none,  being  no  on  either  interview  or  NAS  and  unknown 
on  the  other 

(3)  Questionable  or  probably  low  exposure  if  any,  being  questionable 
or  probably  some  exposure  on  either  interview  or  NAS 

(4)  Probable  exposure,  being  yes  at  risk  on  either  interview  or 
NAS  but  not  verified  by  both 

(5)  Definite  exposure,  being  definite  on  both  records 

(6)  High  exposure  (definite)  by  both  ii!terview  and  NAS  (e,g., 
high  on  NAS,  definite  on  interview 

Chromosome  StuJv  Classification 

Fathers  included  in  this  study  and  considered  at  risk  to  microwave 
exposure  were  classified  as  "exposed"  and  "near  exposed."  F.xposed  fathers 
included  those  who  were  found  to  be  exposed  or  definitely  exposed  on 
interview  or  on  lists  of  MOS  numbers  or  job  descriptions  evaluated  by  the 
military  service  officers  or  both.  Near  exposed  fathers  included  those 
whose  exposure  was  determined  to  be  "questionable"  or  "probably  some 
exposure  on  interview. " 


I 
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APPENDIX  C-3 


MOS  AND  JOB  TITLE  CLASSIFICATION  FROM  ARMY  AND  NAVY  CONSULTANTS 
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i ) 


J 


) t 


006.00 

Bncic  Tralnino 

1955,  1957-61 

013 

AutovRotivc  Mechanic 

1946 

014 

Autor.'.obllc  Ifcchanlc 

1941-46 

050 

Carpenter,  Conotruction 

1942-43 

051.10 

Interned.  Speech  Radio  Opr. 

1955 

052 

Chief  Clerk 

1944 

052.10 

Svc.  Sch.  ^ Radio  Opr. 

1954 

055 

Clerk  - general 

1942-45 

056 

Kail  Clerk 

1943-44 

060 

Cook 

1943,  1945-47 

OSl 

Enginenan,  Operating 

1944 

097 

Instructor  - Repair  T&T 

Central  Office  Tech. 

1942,  1945 

. . m 

Riflcinan  (U.S.  Reserves) 

1955 

111.00 

Riflcisan 

Light  Weapons  Infantrynao 

1954,  1959 

111.10 

Autonatic  Rifleman 

1956-7,  1960-62 

112.00 

Heavy  Weapons  Infantryman 

1955 

112.10 

Advanced  Indiv.  Tog;  Gunner 

1959 

112.70 

Squad  Leader 

1956 

114 

llachinict;  Artillery  Mechanic 

1942 

120.00 

Advanced  Indiv.  Tng. 

1960 

121.00 

Combat  Const.  Specialist 

1960 

123 

Duplicating  >!achlno  Opr* 

1943 

137 

Projectionist  Motion  Picturo 

1944 

140.00 

Cannoneer 

1961 

161 

Anti'oircraft  cannoneer 

1955 

162 

Anti-aircraft  artillory 
gun  crewman 

1955 
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1 


A 


Job  Title 


Yenm 


j2.1  Atlv.  Incllv,  Tns. 

IW  Plunbcr 

104,10  llcav>'  truck  driver 

166  Tovcm.axi 

170  Technical  Aldo 

174  kadlo  Repairman 

1G7  Repentennan,  Tclcphono 

1G8  Amo  Sec,,  Warehouseman; 

101  ^o(^P(a:?*^<?!^(fi?alnnan,  Surveying 

194  Salvageman 

201  Sheet  I'ctal  Worker 

228  Surveyor  Ci  Instrument  Opr. 

230  T^ya  Surveyor 

32  Installer  TAT;  Switchboard  Inst* 

237  Tolotypewritca:  Opr. 

238  Lineman  - TAT 

239  Teletype  licchanic 

242  Tool  Room  Keeper 

245  Truck  Driver,  Heavy 

252  Foreman  Worchouso 

263  Accountant 

275  Class,  Specialist 

28?  Athletic  Instructor 

301  Investigator 

303  Hospital  Orderly 

309  Switchboard  Opr, 

311  ,10  TC  (USAR-Rdy)  Radio  Mcch, 


1955 

1944 

1959 

1944,  1951 
1947 
1944 
1944 

1947,  1949-50 

'l%7 

1943 

1943,  1945 
1940 

1946 

1941,  1944 

1942,  1944, 

1947 

1942- 44 
1947 
1944-45 

1943- 46 

1943 

1944 
1944 
1943 
1946 
1943 
1943 

1960 
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>:os  ^ 


.Tol>  Title 


Yearo 


322 

Refrigerator  llcchanlc 

19/.6 

324 

CtocU  Clerk 

1943 

331.10 

Svc.  Sch.  Mon.  Ccn.  0.  Rop. 

1957 

y*4 

Chauffeur 

1942 

3-'.5 

Autoiaotlvc  Equip.  Opr.;  Driver, 
Anbulonco  and  Truck;  Rotl.  Crd. 

19.41-46; 

1943 

343 

Auto  Farts  Clerk 

1943,  1946 

355 

File  Clerk 

1943 

368 

Pcroonnol  Clerk 

1943 

383 

Fire  Fighter 

1943 

400  . 

Tabulating  Machlno  Opr. 

1942 

405 

Clerk  Typist 

1943,  1945 
192*6,  1949 

409 

Medical  Technician 

1943-45 

410 

Dicpatchor,  Motor 

1944 

432 

Dondciruin,  Clarinet 

1943 

439 

Bandsman,  Saxaphone 

1943 

443.10 

Marino  Div.  Machinist 

1954 

467 

Air  Compressor  Opr. 

1944 

501 

Clerk 

1943 

502 

Admin.  KCO;  CU.  Clrk;  Asst. 
Foreman  ProccosinG; 

192*3, 

1945-46 

504 

Ammunition  Bearer 

1943 

505 

Aaramition  KCO 

1947 

510.00 

Cone  true  t ion  lllpr. : Adv.  Indiv. 
Tng;  Info,  Ccn.  Opr, 

1953-54 

511 

Small  Arms  Repairman;  Armorer 

1943-44 

513.10 

Mason 

1953 

515 

Filtering 

1943 
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•:21 

522 

526 

529 

531 

539 

5i»0.00 

542 

555 

560.00 

562.60 

566 

573 

joO 

590 

603 

604 

605 

606 
607 

609 

610 
611 
612 

620 


Jo%  71  (:1  0 

Daslc  Ti'r.'i  Kon-CpcclalieC 

Duty  Soldier;  Guard 

Crewman 

Vrcchcr  Driver 
Cannoneer 

Chief  of  Station;  Aast.  Sce.Cl\. 
Cannoneer 

Comminlcatlono  Tcch.»  Bade 
, Radio  Opr. 


Yenrn 

1943-46.  1943-49 
1943-45 

1943 

1944 
1943-44 
1943-44 
1955 

1943,  1949 


Alrplono  Sheet  Hctal  h’rkor.  1944 


7C  USAR  Rdy  Radio  lloch. 

TC  (USi‘dl-Rdy)  CoxEwaln 

Duty  i:CO;  : . - \ 

P-Alrcraft  Welder 

Remote  Control  Turret  llach.Cnr. 

Bade;  Laborer;  Day  Rn.  Ordrly, 
Duty  Soldier 

Acet.  Cumber;  AW  Crewman 

Gunner 

Llcht  Machine  Cun  Crcw-.rnn 
Heavy  Machine  Gunner  (P) 
Anti-aircraft  Machlnp.ui'j  Crviaan. 
Mortar  KCO  - Ltcht  Mortar 
Leather  6t  Canvas  Worker 
Anti-Tank  Cun  Cre\a;un;  Gnr.Tnk. 
Aerial  Gunner 
Airplane  Anu'i'W  Gunner 
Lineman 

Parachute  RlcRcv  6>  Rpna%, 


1959 

1962 

1943- 44,  19-46 
1945 

1944 

1942,  1944-46 
1944,  1946 

1943 

1945 

1945 

1944 

1944- 45 

1946 
19-43-45 
19-43,  1946 
1946 

1943 

1944 
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4 


/7 


roF  ? 

Jc!)  Vltl  Cl 

Years 

622 

Finance  Technical  Clk. 

1944-^»5 

629 

Student;  Student  Officer 

1943-44,  1946 

631.10 

Vniccl  Vehicle  Mechanic 

1961 

634 

Fuel  & Elec.  Syo.  Rpman. 

1955 

63C 

Installer,  Repair 

1942 

640.00 

Lt.  Vehicle  Driver 

1954 

641 

Field  Lincnvia 

1942-43 

64S 

Radio  Repair 

1943 

650 

Switchboard  Opr. 

19^»3-44 

651 

Platoon  Set* 

1943 

652  • 

See.  Sgt.,  Sec.  Ldr.-Cun 

1942-43 

653 

Squad  Ldr. 

1944 

655 

Duty  HCO 

1944 

657 

Litter  Bearer;  Med.  Aiebnaa 

1944-45 

659 

Special  Svc.  Sch.  Instructor 

1946 

667 

Messaco  Ccn.  Clerk 

1944-45 

670 

Master  Gunner 

1943 

673 

Medical  KCO 

1946 

675 

Mossenscr 

1942,  1944 

677 

Military  Police;  Provost  Sgt. 

1937,  1943-44 
1946 

633 

Boiabsight  Mechanic 

1945 

684 

Op.  Pow,  Pit.  Mceh. 

1944 

695 

Orderly  & Driver 

iyf3 

710.00 

Clerk;  Adv.  Indlv,  Tng. 

1958 

710.10 

Svc.  Sch.  Clerk 

1954 

711 

Clerk  Typist 

1955 

711.10 

Clerk  Typist 

1954,  1960 
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voc  <? 

Job  Title 

Years 

6.00 

Pcriiooncl  Special  let 

1955,  1959 

716.10 

Company  Clerk 

1954 

717 

Aileiln.  Specialist 

1954 

729 

Pioneer  Pacic  Enclnccr 

1944 

7^ 

Half-track  Driver 

1943 

736 

Driver;  Natl.  CuarJ 

1943,  19.'*4 

733 

Intercept,  Ulch  Speed 

1944 

740 

Radio  NCO 

1947 

745 

Rlflccan;  Squad  Ldr. 

1941-46,  1952 

746 

Autonatlc  Rifleman 

1944 

747 

Airplane  & Enjj.  licchanlc 

1943-45 

Airplane  Hcch.  Gunner 

1946 

750 

Airplane  Crev  Chf; 

Airplane  Fllclit  Chief 

1944-45 

754 

Radio  Mechanic 

1942-43,  1945 

756 

Radio  Opr.  Mcch. 

1943-44,  1940 

757 

Radio  Opr.  Mcch.;  ROM  Gunner 

1941,  1943-44, 
1947 

761 

Scout;  Liaison 

1942-43 

762 

Airpl.ano  Enclno  Mcch. 

1943 

762-6 

Engine  Mechanic 

1943 

766 

Radio  Opr.,  lll^l)  Spd.  Manual 

1944 

768.10 

General  Supply  Spec. 

1957 

773.10 

Ord.  Par to  Spec. 

1957 

776 

Radio  Opr. 

1943-44 

766 

Toxic  Gas  Handler 

19>'»3 

795 

Mosecusor 

1945 

296 
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•To^  Tltlp 

Yearn 

£01 

CrypLo^rr.phlc  Machine  Maint. 

1948 

£03 

EueJar 

1939,  1943 

£05 

Cryptoijraphic  Tech. 

19/*4 

£07 

Cr>T7tocrapher 

1943 

809 

Dccontaralnatlnc  Equip.  Opr. 

1944 

£10.00 

Draftcinan  (Plena) 

1955 

011.10 

Conct.  Draftsman  (Plano) 

1956 

012 

Heavy  Wenpono  NCO 

1943t44 

013 

Motor  Transport  KCO 

1943 

321 

Supply  KCO 

1942,  1944-45 
1951 

835 

Supply  Clerk;  Shipping  Clerk 

1943-46, 

1949y  1951 

844 

Chief  of  See.,  Cannoneer; 

Cun  Creunan,  Lgt.  Artillery 

1945,  1948 

843 

•Parts  Clerk,  Aanaament 

1945 

855 

Dental  Technician 

1942 

858 

Medical  Lab,  Technician 

1942 

861 

Surgical  Tech. 

1943-44,  1946 

864 

Cun  Crevnaan,  Med.  Artillery 

1945 

903 

Small  Aims  Veapona  Mech. 

1946 

904 

Machine  Cun,  Mech. 

1943 

911 

Aircraft  Armorer 

1944,  liVf6 

914 

Artillery  Mech.  Ilvy, 

1944 

931 

Truck  Driver  livy. 

1944-45 

932 

Special  Vehicle  Opr, 

1945 

937 

Rifleman  Instructor 

1942 

50.00 

Security  Cuard;  Interior  Crd. 

1955-56,  1961 

;3!.00 


,Tol)  V ( t'  1 c ________ 

r.;i.';lc  T'.i'':.  : Jllllu.iry  I’ollco 
Pnc';  Cvi;\.'..an  KoUoirli'.cJ 
Auto  IJcchonic 

Chouical  Wart  arc  )Ian  General 
StuJont  orCiccr;  Pauic  Tlig. 


nnalc  Soldier 


Dnclc  Tnc. 


Student 


Lineman 


x*/  A /</ ^ 


Yen  v.n 


1951,  1953, 
1957,  1959 


Clerk  Supply 

Chief  Wiool  Vohtclo  Kcch. 


19A8,  1953 


152A-9 


Student 


Platoon  Leader* 


1951,  1955 


19.'»4-45 


Rcpoatcn'.van 
Perconuol  Spec. 

Platoon  Co;.snander;  Adjutant 
Platoon  r,np.r*,Ualt  Couxiander 
llochlnc  Accoxmtinc  Spec. 
Adialnlctrativo  KCO  (ClorU) 
Haslc  Tng. 

AT  Platoon  l.dr..  Inf. 


Infantry  Officer;  Inf.  Unit  Cradr.1942- 
Heavy  Weapons  Cretx-.iait  19-'»4 

A;ixk)  Bearer;  fil  Mortar  1946 


llcdio  Traffic  Anal. 


Couih.  CeiH'.tinctton  Spoc.  1953 

Basic  I'Jifj.,  Let#  Wpna.  Infmatr,  1952*53 


y\  f'  j 


? 0;'  V 

•Tn’. 

__  Yeara 

n‘^5 

'I'i-.iiUcr 

1952,  1954 

uu.'* 

InC.  Opcvatlouii  Int. 

1954 

io:4 

Ooolv 

1951-52 

1 

Cr.ni\onocv*  (Convert Ovl) 

1952 

2102 

Arolct.'t  Ko^lt.icntnl  S-3  (9uj>cv- 
vlr.ou  Oi'iA.  of);  Oi^no.  & IVi;. 
Staff  Officer 

19-'*  5 

21S7 

StucU'nt 

1951 

2200 

rovfounol  Offlcov  “ hllttary 

19.'*4 

2200 

Ar.uiatnnt  S-3 

1954 

2320 

l.lalroa  Officer 

1942 

2350 

I,a!)orcr 

1950 

2600 

Alin  In.  Ar.at. 

1943 

2001 

Cnvi  Crow  Antiaircraft; 

Cannoneer  Anti.ivcrft.  Artillery 

1943-44 

2022 

Unit  Officer,  IMc*  Con. 

(Aaut.  S-3) 

1951 

2700 

StnOent  Officer;  StviJcnt 

I'XO,  I'V*: 
19*44,  1951 

2736 

lleO,  T;u\U  Crcv.i.ian 

19**4  5 

27*Vl 

Orientation  Syce, 

1946 

2750 

Aerial  Uatf.lncor 

19*14 

3000 

Cook  . 

19*'49,  1952 

3079 

Ulo.otrlcian 

1953 

3164 

ri  ni.ihor 

1951 

3106 

Stiklent 

1951 

3290 

Toro,  Mi;int.  Spec, 

1951 

3333 

Dlupcnflary  Tech. 

1950 

J504 

Clei'k  Avvjo, 

1950 

i 

I 


."»0 


Jo')  Til-lc* 


Ycnrn 


I 


a:  03 

3:49 

3729 

3C35 

3C44 

3912 

4000 

4113 

4121 

4345 

4405 

4451 

,505 

4512 

4514 

4532 

4041 

4745 

4S12 

4C44 

4CC0 

5356 

5832 

6000 

7010 

7110 


/jiLir.ivcraf t Cannoneer  1952 

Student  1952 

Co:.2)nt  Conot.  Spec.  1952 

Supply  nccordo  Clerk  1951 

Cannoneer  1951 

Auto  Fuel  4 Elec.  Repmn.  1952 

Supply  Ordnance,  General  1944 

irrO  Supply  Officer;  Kcoo  Supply 
4 Tranep.  Officer  19‘'*4745 


General  Utllltlcc  Rpnan. 

Llcht  Vehicle  Driver 
Clerk  Typist 
Center  Coruaander 
Arr»  Supply  Spec. 

Ordnance  Officer 
Artillery  Radar  Opr. 

Aviation  Ordnance 
Field  Wlretjan 

Sasic  1*03, , Rlfleuan  (Let.  t.'pno) 
Hvy,  Weapons,  Infantry 
Cannoneer 


1951 

1952,  1954 

1951,  1953-54 

1945 

1951 

19.'*  3 

1949 
1944 

1950 
1951-52 
1950 
1950 


Executive  Ofc., 
Flrcnan,  Furnace 
Supply  Handler 
Eaoic  Tne. 

Asst.  Div,  Enslneor 
Construction  Engr. 


(date  not  shown) 

1950 

1951 

1952 

1944 

1945 


Fiiaonco  Officer 


10 


I 


A 


Job  Tlrlc 

Yenrr. 

7120 

Co;;:;iany  OfCiccir;  Utilttlco  Ofcr. 

19V*,  1950 

7130 

Coi'.pr.ny  Officor,  Toot  Encr* 

19/*2,  1945 

73-'»0 

/j'lal.  Chemical 

1942 

7360 

Chemical  liunitlono  Dev,  Officer 

19/*3 

7610 

Ai^tlCaiiU  Cun  Crcvmvan 

1946 

ms 

Rifleman 

1944 

7S35 

Supply  Clerk 

1947 

6103 

Assifitont  JuJso  Advocate 

1944 

9301 

S-2 

1945 

9312 

Rcconnolsoancc  Officer 

1944 

9314 

Ctnl . , Int . Field 

1945 

h’onc 

Given 

Ac tine  S-4 

1944 

• II 

II 

Adjutant 

1944 

It 

II 

Aerial  Gunnery 

1943 

• 1 

II 

Acet.  Divlclon  Eixi,inocr 

Mono  given 

M 

It 

Acet.  S-3 

1944 

11 

II 

Connoncer 

1943 

II 

II 

Englro  Mcchraiic 

1942 

fl 

If 

Executive  Officer 

1944 

II 

II 

Flight  Leader 

1945 

II 

II 

121  105  How.  CrcT.’raan 

1943 

II 

II 

Inspector  Chul.  Warfare  (Officer) 

1945 

fl 

II 

Pilot 

1945 

It 

II 

Platoon  CocTiandor 

1942t43 

If 

II 

Platoon  Officer 

1944 

II 

II 

Stock  Clk.  (Arplno.  & Auto  Prts) 

1943 

AIR 


FORCE 


T-'OS  i? 

Job  Title 

Years 

000.10 

Basic  Tng. 

1955,  1957-58, 

1961 

\ 

\ 

i 

059 

Construction  Tech.; 

Unit  Foranon 

1945 

j 

177 

Radio  jlcpalnnan 

1942 

i 

275.6 

Radio  Opr.  Mcch. 

1942 

i 

j 

320.10 

Student 

1961 

f 

322.31  F 

Student 

1962 

j 

i 

322.51  F 

Weapons  Cent.  Sys.  Mech. 

1962 

t 

324.30 

Precision  Mea.  Equipt.  Spec. 

1959 

j 

431.31  A 

App.  Ai^rcraft  Mechanic 

1956 

431.31  B 

Aircraft  Mechanic  (Student) 

1955  1 

1 

431.51 

A/C  Mechanic 

Not  given  ^ 

i 

431.51  B 

A/C  Mechanic  (Over  2 Engs';')) 

1956 

1 

1 

460.10 

Student 

1958 

1 

1 

462.30  A 

Student;  .\pr.  Weapons  MecK* 

1958-59 

1 

462.50 

Weapons  Mechanic 

1959 

674 

Messenger  Center  Chief 

1942 

i 

1 

1 

682.3 

' Apr.  Koch.  Acc. 

1955 

' 

705 

Switchboard  Operator 

1942 

1 

760 

Radio  Operator 

1945 

1 

771.30 

Security  Guard  Helper 

1953 

i 

771.50 

Air  Policeman 

1954,  1961 

1 

1 

791 

Air  Operations  Specialist 

1944 

i 

816 

Asm.  Technician 

1947 

i 

i 

826 

AAF  Supply  Technician 

1945-51 

1 

i 

901 

Munltons  Handler 

1944 

j 

902.32 

Student  (Crs.  iVBR  90232) 

1962 

r 

in? 


>S  i 


9 02.52 

Operating  Rooa  Spec. 

1 

Hot  glvca  1 1 

1 ' 

953 

Radar  RcpalrEcn 

1948  1 : 

960 

rCT  Mcchml'  (Remote  Con.Tur.)' 

1947 

0001 

Cas.  Patient  (no  duty  asogned) 

1942,  1949,  I960 

0003 

Patient 

1946 

0141 

Electronics  Officer 

1945 

0200 

Corunanding  Officer,  Sq.  Com. 
Off.,  Proccss/Lv./Tvl.  C.O., 
Casual,  Redeployment  C.O. 

1944-45 

0205 

Asst.  Gp.  Commun.  Officer 

1951 

0251 

Sr.  Radar  Mechanic 

1950 

0600 

Basic  Tng,  Base  Mtr.  Officer 

1943,  1950 

1042 

Personnel  Equipt.  Officer 

1945 

1051 

Pilot 

1942,  1945 

1054 

Pilot,  Single  Engine 

1944 

1 

1055 

Ftr,  Pilot,  Single  Eng. 

1943 

2110 

Gp,  Adjutant  (Hosp.) 

1947 

2120 

Exec.  Off.  Airdrome  Gp« 

1947 

2136 

Co.  Officer  (Commander) 

1941 

2756 

Radio  Opr.  Mcch. 

1944,  1946 

:.05/» 

Asst.  Gp.  Commun.  Officer 

1952 

4010 

(S”4)  Aircraft  Maint. 

1948 

i 

4805 

Motor  Maint.  Officer 

1941,  1944 

• 

t 

1 

4823 

Aircraft  Engineering  Off. 

1942 

7536 

Tech.  Insp.,  Asst.  Suprv.  Aeft. 

1944-45  i 

1 

00010 

Basic  Airman 

1955v  1957-58,  1961 

i7130 

Airplane  Air  Opns,  Spec. 

1953  1 1 

29230 

Airplane  Crypto  <^pr. 

1953 

I 
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I'OS  ^ 

vToh  Title 

Yenrn 

29370 

Kfldio  Opr.  Supv, 

1951 

30100 

Acst.  Cp.  Coiunun.  Officer 

1951 

32320 

P/App.  Tr.  Cyctem  llcch. 

1946-58 

42330 

A/C  £lcc.  Repairmen 

1955 

60150 

Sr.  Air  Tran.  Spec. 

1954 

60330 

App.  Vehicle  Opr. 

1955 

60350 

Vehicle  Opr. 

1955 

64010 

Supply  Helper 

1957 

64131 

App.  Org.  Sup.  Spec. 

1957 

90010 

Student 

1962 

90232 

Student  (Cre.  ABR  90232} 

1962 

90252 

Oprtng.  Rn.  Spec,  (Med.  Wrd.), 
Corpsman  (OB  Urd.),  Opr.  Rm.Spcc 

.1962,  1964 

Not  given 

Radio  Ine true tor 

1943 

Not  given 

Student 

1941 

f 

I 

f 

i 

I 


r*'«  / L ! ^ 


i. 


\ 


a 


MOS 

Job  Title 

Years 

015.30 

Electrical  Engr.  Asst. 

1957 

123 

Nurse  Male 

1944 

127 

Battery  Aid 

1944 

309.30 

Electrical  Engr.  Asst. 

1962 

527 

A A Fire  Director  Opor. 

1943 

528 

Airplane  Hydraulic  Mech. 

1944 

555.70 

Platoon  Sgt. 

1956 

693 

Instr.  Oper. 

1944 

719 

Oxygen  Generation  Plant  Oper. 

— 

755  ■ 

A A F Radio  Oper,  £>  Mech. 

1944 

763.70 

Gen.  Sup.  Spec. 

1952 

onoi 

Casual 

1954,  1958 

0055 

Clerk  S4 

1949 

0745 

S.D.  Off.  Club 

1949 

1359 

Const.  Mach.  Supv. 

1950 

1441 

Section  Leader 

\ 

1946 

1495 

\ 1 
parachutist 

1943 

1641 

Wire  Trainee 

1953 

1740 

Radio  Trainee 

1953 

1821 

Unit  Supply  Spec. 

1951 

2120 

Admin,  Asst. 

1954 

2745 

Sq.  Leader 

1949 

2756 

A.H.F.  Radio  Mech. 

1944 

3174 

Field  Radio  Mech. 

1953 

3 Ml 

Asphalt  Mach.  Oper 

1951 

• * 
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/ 


ARMY  (Continued) 

MOS# Job  Title Yenra 


3643 

Field  Radio  Repairman 

1951 

3S85 

Asat.  Salvage  NCO 

1951 

# 

7539 

Ord.  Proff.  Off.  Fire  Con  Br 

1954 

7601 

Elcc.  Eng.  Engr.  & Dex.TcaC. 
Sec . F .C . Br . 

1954 

11107 

Rifleman 

1964 

55451 

Sr.  Const.  Equip.  Opr. 

1951 

RAD  Repairman 

1943 

AIR  FORCE 

MOS  ^ 

Job  Title 

Years 

1092 

Combat  Crew  Training 

1943 

* 

2161 

Sqdn  Leader 

1944 

9 60 

Flying  Safety  Officer 

1946 

1 
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' I 

I 


• Iv^'b  'i'il’lv' 

VcMrs 

\ • 

642 

, 9-64 

Avi.itiion  MiiohiniGt 

19:>3 

CJl 

1 

Rv  Gorvc 

1961 

\ot: 

i^ivc'U 

Aoi'o^'.raphcr ' a 

Mvtuo  Airman 

1933 

1 1 

II 

Aoroi^.  Katie  3rJ  class 

1953 

• *-  V 

II 

1 1 

A i 'raKin 

1949,  1951-2,  1957 

1 1 

tl 

Air  Conc.ro  iman  2cir.aan 

194S 

'^-c- 

1 1 

II 

Air  Confrolr.ia.n  3rd  Cl. 

1949 

1 1 

1 1 

Airr.'.aa  Ap  or  on  t ic  e 

1948,  1950-51,  1956 

1 1 

II 

Airman  - Appr.  Klee. 

1952 

M 

It 

Aviation  Boatswain's  Kate 

1946 

'<■_-• 

It 

It 

Aviation  Boatswain's  Kate 

i 

I 

(.4rr.  Gear  & Bar.)  2nu  Cl. 

1946 

tl 

II 

Aviation  Boatsx^ain's  Kate 

3/C  (Pil) 

1945 

r*-'" 

II 

II 

Aviation  Cadet 

19-.2 

/V;. 

II 

II 

Aviation  Elec.'s  Kate  2/C 

1945  X.R. 

*'- 

M 

II 

Aviation  Elec.'s  Kate  3/C 

1944  N.R. 

II 

II 

Aviation  Fire  Cor.trolman  2/C 

1945 

^■jr 

II 

II 

2vviacion  Kach.  Kate 

1951 

II 

It 

Aviation  Kach.  Kate/Armn. 

1951-2 

'Vx- 

II 

It 

Aviation  Kach.  Kate/ 

Airman  Apprentice 

1951-2 

■iv.:> 

1 1 

II 

Aviation  Kach.  Kate  2/C 

1946 

'.Vv- 

M 

II 

.\viation  Kach.  Kate  3/C 

1943,  1952 

II 

lO 

1 1 

•Wiation  Ordnance  Kan  3/C 

1943 

K 

II 

M 

.\viation  Ordnance.  Kan  1>2/C 

1941,  1944 

1 1 

II 

iWiation  Ordnance  K.’.e.  B3/C 

1943 

I 
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A A V Y 


1 


>:os 

Jo.) 

Ye.ra 

( 

Xo 

^ V'.ivv-a 

. . . w L V.)  i)  S u 0 1'  \ ‘ p 0 i.'  2 / C C 1 

1943 

1 1 

1 1 

Av  , . A 1 V v‘ v' p V i'  .)/^- 

194.', 

1 1 

1 1 

v,.,..!..)  M.lLc  (T) 

19'..') 

1 1 

ft 

1)0.1 ::  i>v;a i ' a >L;  c a.  1 /C 

1944-3 

• i 

1 1 

II 

' t;  MauA  2/C 

1943,  1945 

1 1 

It 

lioacsv.-ain' s Mate  3/C 

1950-1 

\ 

M 

It 

CaCet 

1933 

1 1 

II 

Carp,.)  Olt.  Asa't  (adilitioaal  duty) 

1941 

It 

II 

Carpenter's  Mate  3/C 

1943,  1945 

1 1 

II 

Carpenter's  Mate  2/C 

1946 

■'I 

1 1 

1 1 

C.'.rpenter ' s Mate  3/C  (i')  ( Jailder) 

1944 

••• : 

1 1 

II 

Cor.'.iaissary  3/C 

194S 

1 I 

M 

Coireiunications  Tech.  3/C 

1953,  1960 

~ ^ .. 

1 1 

II 

Cor.'.T.unications  Watch  Olticer 
(Duty) 

1944-46 

' -'ll 

1 1 

tl 

Corev.unications  Technician  Seanian 

1952,  1957 

'■C 

tl 

II 

Construe  t ionman 

1957-63 

'T*/ 

1 1 

tl 

Coxswain 

1942-3,  1945  ■ 

It 

tl 

CTSX 

1957 

,v. 

II 

II 

CT  3 

1960 

‘--'A' 

M 

tt 

Deck  Watch  Officer  (Duty) 

1942,  also  not  stated 

CTi,/ 

II 

tl 

Deck  Watch  (Duty) 

1940 

tl 

II 

Disbursing;  Clerk 

1949  X.K. 

. t 

• wv 

II 

II 

E M 0 Clerk 

1943 

a;- 

1 1 

tl 

21ectrician/2 

1955 

1 1 

II 

electric  ian/3 

1943,  1 

•'•i' 

II 

II 

.-.lee.  Ma-te  2/C 

1944,  lv;>’; 

1 c-'C*  • 4*4^1  c C-  3 / 
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1943.  19.)  2 


l:UvLVv'..iCS 


1 Vii 


1 v*0 . . • . v'  ^ ^5  l'c* i : r "w’  V* 


E10k:Li'ouic  iVch.'i.  M.Uti 

iy-',7 

1 ..  L OC  V ro  v' i'OOIl.  ' 1*  ^/vJ 

1 j 

1- i CC  L VO  Lc  i>  iCCl',  Sv-'s-V'V.U 

l^Ja2 

il  1 C V L VOV*  i C S *1 OC  Vk . S 0 v.k'.'.V.il  i\  W w , 

1951 

1. 1 OC  tlX  Ol' L V L>  i.^'V.1,  — / X< 

19:>4 

Kloc  Lrouics  'i'ljch.  3/C 

1950,  1953 

luii^i’.iijor  Oificev 

1945 

'£r.^ir.i.cr  Officer  (A^c't) 

1940-44 

cusiiin 

1940-41.  1943-44, 

HTSX 

1951 

HNCc'.inir.sj  SoarJ 

1945 

?ire  Cor.trolv.’.au  1/C  (T) 

1942 

Fire  Controlr.'.cn  2/C 

1942,  1944 

Fire  Controliv.aii  2/C  (M) 

1943 

Fire  Coutrolr.'.cn  3/C 

1941 

Kiror.iar. 

1953 

Firo'.'.'.aii  1/C 

1943-6,  1944  X.F 

Firei’.u;'.  2/C 

1942-3,  1944  X.R 

Firo.-.'.cr.  3/C 

1943,  1943  X.R. 

1952 

* x/L  A'^p  V v't*  ll  XC  0 

1V...2 

Fire;-.'.c:i  S'.)cc  ic*  ii:t  1/C 

1945 

c 

X A 

V Y ( 

.XS  > 

Ici'ii  (■  i niu'J  ^ 

Yi  : 1 V 

Xo;. 

;^ivou 

S;k'<.-.  (;■' i Vv  i'...!!'.)  li.'Y 

1 •;/ 

" 

II 

^.S4l*4>s  i.  ^ s’  V.  «;  V- 

I Is.  s , 62 

II 

II 

-L-UZiliOl"  si  '.s'.Uv!  ^..Os.s.s.)  2/C 

Iff.o,  1930,  1952,  19o2 

V 

II 

II 

Gunner's  Mvite  3/C 

1943,  1945,  1950,  1955 

UtuJ 

" )/c 

IK'? 

■‘-C- 

II 

II 

Host.  A-p-prcueico  1/C 

194o 

It 

II 

Hosp.  .^pprenLice  2/C 

1945-5 

4 k. 

II 

II 

HS.Vv 

1951 

• s' 

11 

It 

HS.AH 

1951 

It 

II 

USSR 

1950 

II 

1 1 

Hull  Board  (add'l  duty) 

1945 

A 

If 

II 

Interpreter  - Lt.  (jg.) 

Xot  given 

■’( 

1 1 

II 

Lieutenant 

1943,  1948 

<• 

M 

II 

Lieutenant  (AVR.) 

1945 

? 

It 

li 

Lt.  Co::T;r.andcr 

1945 

? 

It 

II 

Lt.  (Exec.  Oificer) 

1945 

? 

II 

II 

Lt.  (js) 

1942,  1944-6 

/ 

II 

! 1 

Oo) 

1944 

) 

II 

II 

Lt.  (jg)  D-V  (G) 

1943 

■ i 

{ 

M 

11 

Lt.  (jg)  l-V(S) 

1942 

K 

II 

It 

"M"  Division  Officer 

1943 

•vt- 

II 

II 

Mach.  Mate  1/C 

1943  M.U. 

*^'v 

f 1 

II 

Mdch  ■ Mcitc  2/C 

1942  K.R. , 1945 

>v'. 

It 

II 

• .ts^wO 

1944,  1945 

''.v: 

( 

II 

II 

,\r.zr..  Mato  (C.a.  Mooh.) 

i’  i.4s04>4aa  voi' t i c 0 

1952 

II 

»*»oaic*.l  Ot*.i,ooi.*  “ sir* 

also  not  stated 

■•••. 

M 

11 

l.eviic.;!  Of  fleer  - ;'r. 

i'"  !»  i.Isis'  v's.  I'tslsV'vl 

i 


J 


; ( 

i ; 
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( 

- - 

Year.-; 

.\jt: 

jivon 

1943-44,  1553 

i 1 

“f  * ' . •'*  r.  - ’’  / C 

1545 

•‘  w . 

1 : 

Mo.vj'.'  11-ch . Mauc  2/C 

1943,  1546 

' ^V' 

It 

tl 

*'lotior  i*Uco  3/C 

1944 

II 

It 

Magician  2/C 

1945 

•4> 

11 

II 

Music iaa  3/C 

1944 

II 

II 

Personnel  Man  A (Records 

ClerR)  3/C  (Reserve  Duty) 

1535 

"iV'' 

It 

It 

Personnel  Man  A (Records  Clerk) 
Scaaian  Mon-rated 

1954 

II 

II 

Personnel  Man  - Seai..an  non-rated 

1952 

j - c 

11 

II 

Pnannacist  Mate  3/C 

1946 

-J 

II 

II 

Port  Deck  Match  (add'l  duty) 

1941 

1 

It 

Quarto  rr.-.a  s t er  - S i ^na  Irran  1/C 

194S,  1950 

•■  1 -- .' 

tl 

1 1 

Radarman  3/C 

1952 

II 

II 

Radarr.ian  Seaman  Apprentice 

1949 

1 

II 

Radaman  Seaman  non-rated 

1950 

•''C* 

it 

M 

Radioman  1/C 

1945 

.Vy 

ir 

II 

Radioman  2/C 

1944-5,  1562 

II 

It 

R dioman  3/C 

1943-5,  1952 

i'-O 

II 

M 

Radioman  Seaman  Apprentice 

1959 

II 

It 

Radioman  Seaman  non-rated 

1960 

'■x\ 

II 

II 

Radioman  Seaman  2/C 

1543 

\ * , 

' w* 

It 

11 

..  lo  Tech.  3/C 

1945 

■‘v 

i 

It 

It 

1552 

\ 

It 

11 

Se..man  - apprentice 

1931,  1934-6, 

1543  X.K.,  1945-32,  15^:.,  1533,  .537, 

' ' 3 
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>>_A  V'_ ' ' ( CO  ill: 


4 i- 

Noe  iVvo  o 


1 


% 


1 


'■) 

( 


? 

? 

? 


' v*'-'  •.• 


> •:.  •*  *• 


I 

'V  ; 


>V- 


V\>i>‘ 


3'(V> 


,U)0  ; I c k; 
c.;,iw;:i  - Aoiiev-’.. ^icc. 


SVo 


Soo.'.v.on  - A-ppiTcot J-co  VI 2 
Sco.-.uro  1/C 
Socc.uaii  1/C  (iA.l) 

Sc:u-.’an  1/C  (UT) 

Sc;.;-iar.  1/C  (Y) 

Sca;?.aii  2/C 


Post  Office  Audit  Board  (add ' 1 

dury) 


Seaman  - non  rated 


Scainan  Recruit  (Sa.ae  years 
Reserve) 


Ship  Ritter  1/C 
Ship  Fitter  2/C 
Ship  Fitter  3/C 
Ship's  Secretary 
Signalman  1/C 
Signalman  2/C 
Signalman  3/C 
b oaa.r*.r.an  3 /C 

Sonarman  (Harbor  Def.  ) 3/C 
Soundman  2/C 
Soundman  3/C 
Specialist  (Q)  (IN)  1/C 
Specialist  (1)  2/C  (T) 
Specialist  (I)  3/C 
S-o rekeeper  2/C 
S k o . eactpirr  3/^ 


S . ■ ri  \i.:i?p(  r - oisours.' ;.g,  3;  v 
St.)  •.  k.r  per  2 C 


Years 


19AA-6,  1932 
19':  A -5 

193S,  1939,  19Ai-V 

i9A4 

1944 

1943,  1943 

1931,  1935,  1937-8,  1941-7 


1944 

1948,  1952-3,  1953-7,  1959 


1948-9,  1951-2,  1954-6 

1945 

1943 

1941-2 

Not  given 

1941,  1944-5 

1943-4,  1946 

1941-2,  1945 


1943 

1944 
1944 
1943 


194 


1944 

1943,  1945 
1937,  194-3-44 
L94  3 


1 t**  7 . ■ 


.li'h  '.1'  it  Iv- 


II  II 


v^; 


M II 


lit  . .K  ••  'yU:  (,t:,i) 

S kv'.'^K'r  T'/C  (SK  j/C) 

' s Mali.'  3/C 

3/ C 

Walal’.  Ofi-'Lcca 
V.’aitar  Ta'.'.aar  3/C  (T) 

\ co.’.iaa  3/C  ^i-) 

Yoar.uin  3/C 
Vaoiuan  3/C  (T) 


313 


lU'l  Sl.-.LvU 


1933 
193  3 
19-'.0 
19-’.-3 

19-33-4,  19.',o 
1944 

19-'t2,  194;) 


C 0 A 

S T 

C II  A K n 

MOS 

V 

T 

Job  Tielo 

Vo,  1 ;; 

Xot  given 

Cadet 

1933 

• '■C 

" > .V 

V 

1 1 

II 

II 

11 

Kadio  Y’ealiaician  It-e  Claas 

io  Tee’auie  iaa  Cud  i.;ias;i 

1944 

1943 

• 1 

V 

1 1 

tl 

iC'.d  ; Oiii.’.u  Ist  (.llaa:; 

19.,  3 

s , 

V 

II 

n 

Uadio;-.'.au  Ca.Ci  Cl.ta:; 

194;', 

1 '3'* 

j i;. 

1 1 

II 

Radio.'.’.au  3i:d  Cl  ana 

1941 . 

•tl)  . 

;vc. 

1 1 

n 

Soa.u.ta  - Api'veut  i ci.^ 

193'\ 

42 

1 1 

M 

Sea.uau  t Cl  ana 

1943 

1 1 

II 

Sea'.r..’.ii  .liul  Cl.. ..a 

1939, 

m 


■ 

1 |-  3r-  .. 

1 .VARiyE  _co:<rs 

1#  ' : 

^ '«s  , 

- ^ 

r 

f i’o'*  '■*V'*r 

Cor.- vcl  lo:: 

10-lA 

TtMhM^ 

I;'.l:o-.-cc;'rov  Zr.2  Cl. 

10-15 

>ajvlL 

V. 

'Olrc  .l:'.-ir._“-.r;'r.  (r'i.*ir.) 

200,5 

'Xdtr^ 

T”ccto-.-  Driver 

^ c 

520 

522 

Dcr.-.ol  SDL 

' 3-^2 

IN-TK-t 

60-;. 

1044 

vvev^ 

C'CC' 

/jiti  Airernic  I'.c.CAir'.c  Gun 

104-5 

/ ■'/  •/'  'tVfl7v|_ 

f 

c:: 

Qur.rtcmnstO.';*  Supply  Chief 

lOOrJ 

' 747  4 

Mcchcr.ic  AirernOt 

1047 

3MnV£. 

i 

•7  “ 

/ -r'  - 

VI-  Dncio  Keini.  A Aepnir 

» ry  » f 

« b-  • » 

Airborne  Rr.clr.r  Tech. 

1045 

>VtciM.^l73L 

C117 

3-,uipr,C'nt 

^ f>  \ f. 

o 

C7 

o 

Orrr.o  Carrier,  IJ  C I’lt, 

1053 

0222 

Infantry  Officer 
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